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PREFACE. 



Thk official report on tlie electrical features of tlie Paris Univeriial 
Ex|>o8ition of 1889 is included among a large nunil)er of reports by United 
States Commissioners to the various departments of the Exposition*, and 
the whole has just been published collectively by the Government. 

Owing to the very many groups and classes comprised, the publica- 
tion is not only cumbersome in form, but inconvenient for ready refer- 
ence and use, and as its circulation will probably be confined chiefly to 
public and other large libraries, the work will not be readily obtainable 
by those who desire copies. 

In offering this volume to the public, the publishers endeavor to meet 
the wishes of those to whom the collection of official reports will not be 

9 

accessible, or who desire the complete portion on electricity in a con- 
venient form for reading and reference. 

Although ready for the press three years ago, this volume could not 
be published until after the publication of the complete report; most of 
the matter, however, is of a technical character not affected bv the delav. 

The present volume contains all that portion of the complete report 
which refera to the department of Electricity, including an account of the 
work done by the International Congress of Electricians held at the time 
of the Exposition. The edition is limited to a small number of copies. 

Oclol)cr, 1893. 
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REPORT ON ELECTRICITY. 



By CARL HERING. 



In the following report the writer has endeavored to give a gen- 
eral description of the more imi)ortant exhibits, accompanied by- 
comparisons, opinions, histories of their development, summaries 
of the progress shown, statistics, and in general such information as 
will indicate the extent and importance of this class at the exhibi- 
tion, and the present state of the art as represented by this exhibi- 
tion. 

This being the first universal international exhibition held since 
the practical beginning of the development of this great industry, 
it was of interest to notice the place it took among other industries, 
and the part it i)layed in making the exhibition attractive and in- 
structive. Owing to the absence of exhibits from a number of dif- 
ferent countries, the exhibition in this class was not as international 
as might have been desired, though the number of foreign exhibits 
was by no means small. For this reason the exhibits cannot be said 
to represent the true state of the art, except in such branches in 
which the French excel. The industry was, however, very well 
represented, and, as far as France was concerned, it was very com- 
X)lete. In general it was quite large, very interesting, and instructive. 

It was to be regretted, for several reasons, that this industry, 
which in the United States ranks among the largest of the country, 
did not receive the prominent place in the grouping of the exhibits 
that it demands. In grouping it, the same classification was adopted 
as in the exhibition of 1878, when it may be said to have hardly 
commenced its development. The present importance of this indus- 
try demands that it should be made a separate group, in order that 
it may receive the attention and prominence which it deserves. It 
is strongly urged that in future exhibitions the old classification 
should be altered, giving this subject the rank of a group instead of 

a class. 

9 



10 UNIVERSAL EXPOSITION OF 1889 AT PARIS. 

EXTENT AND RELATIVE IMPORTANCE OP THE EXHIBITS FROM DIF- 
FERENT COUNTRIES. 

The following compilations will give an approximate idea of the 
relative importance a::d extent of the exhibits from the United 
States in this class, as compared with those from other countries. 

The number of exhibitors in this class were as follows : 



Chile 2 

Uruguay 2 

Germany 1 

Japan 1 

Luxemburg 1 

Norway 1 

Finland i 

Argentine Confederation i 



France, about 360 

United States 28 

Great Britain 19 

Belgium 13 

Switzerland 8 

Russia 5 

Portugal 4 

Austria 3 

Mexico 3 

Italy 2 I Total 455 

In a total of 455, France had 360, leaving 05 foreign exhibitors. 
Of these the United States liad 28, wliich is therefore about one-third 
of all the foreign exhibits. England comes next, having one-fifth. 
France had 79 per cent of the total number of exhibitors ; United 
States, 6.2; Great Britain, 4.2: Belgium, 2.8; Switzerland, 1.8; 
Russia, 1, and the rest together, 5 per cent. It is to be regretted 
very much that Germany was practically not represented in this 
class at the exhibition . 

Of the fifteen members of the electrical jury, France had 10; 
United States, 2; Great Britain, 1; Switzerland, 1; Belgium, 1. 
Besides this, there wore 5 supplemental jurors : France had 3, Great 
Britain and Belgium, eac*h 1. 

The floor space occupied by our electrical exhibits was 967.25 
square meters, or, in round numbers, about 1,000 square meters. 
That of the French section was about 2,000 square meters, not in- 
cluding the eight or ten stations distributed about the grounds for 
lighting. The floor space occupied by the other foreign countries 
can not be determined with accuracy, owing to the fact that the ex- 
hibits were together with numerous others, and were very much 
scattered about the groun<ls. From an estimate, however, it ap- 
pears that Switzerland comes next, with 210 square meters, then 
Belgium and then Great Britain, with 60 s([uare meters, the others 
being quite small. The space occupied by the United States was 
somewhat greater than that of all the otlier foreign countries com- 
bined. However, the importance of an exhibit is by no means pro- 
portional to the spa<'e it occupies. Neither will the number of ex- 
hibitors represent the imi)ortance of an exhibit. These figures 
merely give an approximate idea of the extent of our exhibits as 
compared with that from other countries. 

A better comparison of the real values of the exhibits may per- 
haps be had from the number and nature of the awards made by 
the jury, as that eliminates entirely the space occupied, and in a 
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measura also the number of insigniScant exhibitors. The awards 
made by the jury were as follows, in order of their valne: Grand 
prize, gold medal, silver medal, bronze medal, and honorable men- 
tion. Now, the mere total number o£ awards given to the different 
countries would by no means represent the value or imjxjrtance of 
the exhibita from those countries. It is absolutely necessary, if any 
summation at all is to be made, to give the different awards some 
definite relative values. Such a relative scale is difficult to deter- 
mine upon, as it is almost entirely a matter of opinion. Different 
persons have entirely different views regarding it, depending on 
what award they received or did not receive, as well as on the award 
which their neighbor received. It is certain, however, that an arith- 
meticscaleof relativevaluesof 5, 4-, 3, 3, 1 does not express the relative 
values of the different awards. The importance of the liigher awards 
increases much more rapidly, A geometric scale would give much 
truer values, and therefore the following scale will be assumed here 
as representing a fair average value: Grand prize, 20; gold, 10; 
silver, 5; bronze, 2; honorable mention, 1, By multiplying the num- 
ber of the awards by their respective values on this basis, the totals 
obtained cau then be assumed to give their relative values. 

The awards made to electrical exhibitors in the different countries, 
and their relative values on this basis, were as follows: 
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It will be seen also from the above that the United States has one- 
fifth as much as France, twice as much as England, and about two 
and a half times as much as Switzerland anil Belgium. It has four 
times as many grand prizes as any other foreign country, more gold 
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medals and as many silver as any other. It received one-third of 
all the grand prizes, and about 12 per cent of all the gold medals. 

As far as awards are concerned, there were nineteen exhibits from 
the United States. Eighteen of these, or 95 per cent, were awarded 
as in the above table, 21 per cent received grand prizes, 32 per cent 
gold medals, and 21 per cent silver medals. 

The awards were as follows (in alphabetical order) : 

Grand prize: American Bell Telephone Company, Edison, Elihu 
Thomson, Elisha Gray. 

Gold medals: American Graphophone Company, Cobb Vulcanite 
Wire Company, Heisler Electric Light Company, Okonite Company, 
Sprague Electric Railway and Motor Company, Western Electric 
Company. 

Silver medals: Commercial Cable Company, Consolidated Tele- 
graph and Electrical Subway Company, Elektron Manufacturing 
Company, Sperry Electric Company. 

Bronze medals: Electrical Supply Company, Solar Carbon Com- 
pany. 

Honorable mention: American Nickel Works (Wharton), Munson 
Lighting Conductor Company. 

Some idea as to the importance of the electrical exhibits, in com- 
parison with the other exhibits from the United States, may be had 
from the number of grand prizes awarded in the other classes. 
There were in all fifty-three grand prizes awarded to United States 
exhibits; four of these, or 7.0 per cent, were for electrical exhibits. 
One class received nine; two classes, four; one class, three; five 
classes, two; twenty-three classes, one. But this is not a fair compari- 
son, as twenty-seven (over half) of the grand prizes were for public 
institutions and government exhibits. Eliminating these, there 
remain twenty-six grand prizes to companies, manufacturers, and in- 
ventors. Out of these, electricity was the only class receiving four, 
or 15.4 per cent. Four other classes received two each and fourteen 
classes one each. 

Among tlie great successful inventions in the practical application 
of electricity, the Unite<l States may claim the telegraph, the tele- 
plione, the incandescent light, and unquestionably the microphone* 
also; France, the accumulator and the Gramme ring; Italy, the bat- 
tery and the Pacinotti ring; England, the self-exciting dynamo; Ger- 
many, the drum armature; Russia, the commercial arc lamp. 

PROGRESS. 

One of the objects of a report of this kind is to give a summary of 
the progress made in this industry and. science since the last inter- 

* Although Hughes made the invention in England, he had lived the greater part 
of liis life in the United States and had obtained his whole education here, which 
led him to the invention. 
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lationtil uxhibilioii, tjikiiiy as t.hu i>i-tisi.'iit state of tlip urtthat r 
inted by tho presunt uxhilHtiuu, In this particular claHS, liui 

WduM he i]if&<:ult aiid unsatisfactory fi>r numerous reasnns. If 

It) Itit«rimtioiial mwtrical Exhihitinu at Pliilaiiolpliia in I!S(S+ is 

ilcen 6» tlio last exliibitioii prior to this, it woiihl not give a basis 

the progrtfss ina<le in Europe, asthisi-xhibitioii wadiiitenmtionat 

II name only; there were scarcely half a <lozeii foreign exhibita. If 

electrical exhibition at Vieuna in 1H83 Im taken it would not in- 

lude America, as tluit exliibitiou was almost tixclusively European. 

development of the greater jiart of this greut industry has been 

recent that to go Ijsick farther than the Vienna Exhibition is to go 

ik t(i the begiiming. The last universal exhibition of 1878, in 

.ris, which is really the one which should be taken in such a coni- 

■ativij reptirt, is too early for such a comi»arative report iu this 

it-ancb; the state of the industry jit that time may l)e said to be lini- 

to telegraphy, batteries, bells. electroplui>iug, aud a few dyna- 

It may therefore be said tlmt by far tlie greater jKU-t of the 

ireseut large industry lias develoiMJil since that exhibition. 

Just about that time, however, and within a few years later, the 

(lephone, the microphone, the nrc light, the incandescent light, the 

:tical systems of distribution of light, the accumulator, and other 

[undamental iuventiiina, forming the jiresent intliislry, began to coma 

ito use; this date may therefore be taken as representing about the 

of the birth of the prese:!' large industry, A summary of the 

rogress luiwlo since that exhibition is therefore simply a record of 

pteaent state of the art aa shown by this exbibitiou, as almost 

all tliat has l>een done lias been done since that date, excepting The 

few sub,iect3 mentioned above, wiiich comprised the whole industry 

tliat date. There are few, if any. industries of the extent of the 

mt electrical industries that have made such wonderful progress 

BO short a time, not much over ten years. 

As this class includee so niauy different branches, it was thought 
preferable to give short histories of their development in connection 
with the desoriptive reports of each branch, rather than to attempt 
sumniarizs them here. 

The jjreseut state of the art cannot be said to have lieen fully reji- 
!ut«d at tliis exhibition, flermany, Italy, and Austria, where 
iQcb has been and is Iwing done in this field, were very iHjorly rep- 
iente<I. in fact were jiractically not i-epreseuted at all. The ex- 
libits from England, though very good, did not represent the great 
irogrees made there. Fi-om United States too, some imjiortant 
■anches were not represented. Political prejudices unfortunately 
tpt away many i tei-esting exhibits — chiefly from Germany. 
Ill France great progress has been made in telephony and telej;- 
.phy; in the former, because there are no funilamcntal patents to 
itider progress, in the latter because tt is under Cloternment con- 
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trol. In electric lighting, however, progress has been very much 
hindered, in Paris at least, by the Government. In Paris the city 
government has granted to a syndicate a monopoly for the supply 
of gas; it receives in return one-half of the profits above 5 per cent. 
This income to the city last year was stated to be 12,000,000 francs 
(about $2,400,000). This makes it very much to the interest of the 
city to keep out as much as possible the competing electric light. As 
it can not, in the interests of justice, keep it out altogether, it has 
enacted laws, which, though not prohibitory, at least hinder its intro- 
duction very greatly. The municipal tax on a ton of coal in Paris 
is 1.20 francs (24 cents) for commercial purposes and 7.50 francs 
($1.45) for private use. Electric lighting companies, however, have 
to pay the latter tax and not that for commercial purposes. If they 
place the stations outside of Paris and lead the current into the city, 
the energy is measured and taxed in proportion to the equivalent in 
coal. An authority states that his electric company must pay 5 per 
cent of their receipts (not profits) to the city for a station in the city, 
and 7 per cent when it is outside of the city. The charges of one of 
the companies are from 21 to 29 cents per kilowatt hour, which is 
about 16 to 21 cents per horse power of current; in Philadelphia, for 
instance, it is 7 cents per hoi-se-power hour. The cost of gas in 
Paris is 30 centimes per cubic meter for the citizensand 15 for public 
lighting; this is equal to $1.64 and 82 cents per thousand feet. The 
latter is also the average cost in the provinces. 

It was intended to include in this report statistics regarding the 
present extent of the industry; but in general this had to be aban- 
doned as it was found impossible to obtain this information for the 
foreign countries; a few statistics regarding the extent of the electric 
light industry are, however, given in connection with that subject. 
The following general figures may be of interest here. The Proceed- 
ings of the Electric Light Association gives the following figures 
for the United States for the beginning of 1800 : 2,700,000 incandes- 
cent lamps, 230,000 arc lamps, 500,000 horse power used for lighting; 
over 600 miles of electrical railroads completed and in construction; 
750,000 miles of telegraph lines; over 120,000 miles of telephone lines. 
The following for the beginning of 1890 is taken from the Electric 
World: 

The num)>er of electric lightiug companies in the United States anti Canada 
oiierating central stations at the beginning of 1886 was 450. This nunil)er lia<l in- 
creased at the beginning of 18^7 to 750, at the beginning of 1889 to nearly l.SCK), and 
at the beginning of 189() to 1,277, including 25 in Mexico and Central America. 
Meantime 366 gas com{)anies had engage<l in electric lighting, so that the total num- 
l)er of companies engaged in electric lighting at present (1890) is 1,543 The num- 
l)er of isolated or private incandescent and arc light ))lants at the l)eginning of 
1887 was about 1,000 each. Now there are 3.925 private ])lant8 in the United States, 
175 in Canada, and 200 in Mexico and Central America, making 4,300 in all. The 
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number of arc lamps in use in 1882 was 6,000. This number doubled each year for 
four years, and has since grown rapidly until there are now 235,000 arc lamps in 
use. The number of incandescent lights has increased from 525,000 in November, 
1886, to 8,000,000 at present. The number of electric motors now in operation in 
the country is estimated at 15,000, many of them from 15 to 50 horse power. There 
are nearly 200 electric railways in over 125 towns and cities, and these have in 
operation or imder contract 1,884 cars on 1,260 miles of track. 

CLASSIFICATION. 

The exhibits included in this class are of such a nature that a ra- 
tional classification in a report of this nature becomes very difficult. 
Numerous systems of classification adopted in other reports were 
considered, but all were found unsatisfactory for one reason or an- 
other. One of the best of these was the one proposed by M. Hospi- 
taller, in TElectrician (May 25, 1889), in which he divides the subject 
into: production, transformation, transmission, measuring instru- 
ments, and the various applications, thermic, chemical, mechanical, 
and miscellaneous. But although rational in so far that there is no 
doubt as to where an exhibit belongs, it brings together subjects like 
electric railroads and telephony which are really widely different, 
though both are '* mechanical applications" of electricity. It fur- 
thermore separates batteries from accumulators and both from elec- 
trochemistry. The writer has, therefore, adopted a new classifica- 
tion, which might be termed a *" natural" one, which brings together 
into each one of several sections those exhibits which almost always 
accompany each other and can not well be separated from one an- 
other — that is to say, those which would naturally be included in the 
scope of a specialist in any one broad field. It has been found that 
the exhibits can be examined and described much more readily when 
divided into such natural sections. It is suggested by the writer 
that the classification might perhaps be the most rational subdivi- 
sion of the broad class ** electricity" to be used at subsequent exhi- 
bitions both for grouping and for examination, as well as for a de- 
scriptive rei)ort and for cataloguing. Such a classification divides 
the whole class into five principal sections and a few smaller ones 
which do not belong to any one of the others, or else belong equally 
well to several of them. The first, largest, and most important in- 
cludes electric lighting, power, dynamos, etc., which for want of a 
better name will here be called "" electrodynamics,'' q.% it naturally 
forms a department in dynamical engineering. The second one in 
order of importance is telegraphy and telephony. The third, annun- 
ciators, bells, and viiscellaneoxis applications, might perhaps have 
been included with the second, but as it forms a distinctly separate 
industry it was thought best to make a separate section of it. The 
fourth is electrochemistry, and the fifth, measuring and scientific m- 
struvients. The remaining ones in no special order of importance 



16 UNIVERSAL EXPOSITION OF 1889 AT PARIS. 

ire: (6) therviogenerators; (7) wires and conduits; (8) medical eleC" 
triciiij; (d) iniscellaneous. and (10) general supplies. The subdivision 
of these sections will be found in the index. 

DESCRIPTION OF THE EXHIBITS. 

In the description of the exhibits, which forms the greater part of 
this report, the writer has endeavored to give only brief descriptions, 
not burdened with details, except where such are necessary or of 
importance, novelty, or interest. Current literature in this branch 
is so good and so widespread that it may be assumed that special- 
ists have already read descriptions better detailed than it would be 
possible to do in a report of this nature covering such a wide ground. 
The writer has therefore limited himself chiefly to giving a general 
summary of the chief features of the exhibits, more for the sake of 
comparison and as a record of the present state of the art as repre- 
sented at this exhibition. Under a number of the special headings 
are given short summaries of the history or progress of that class of 
apparatus, and a summary of the latest developments exhibited. 
Whenever good descriptions in standard periodicals were known to 
the writer it was thought preferable to refer to them, and give here 
only short summaries of the articles, rather than to burden this re- 
port with copies of existing descriptions, which are readily acces- 
sible in any good library. 

Descriptions, opinions, and comparisons have been given from the 
standpoint of an American, acquainted in general with American 
methods and systems, a general knowledge of which is assumed on 
the part of the reader. 

It was endeavored to do justice to all exhibitors and also to in- 
ventors, by always giving the names, whenever the latter could be 
obtained. Also to state whenever possible the award which was 
given the exhibit. However, when no such award is mentioned, it 
does not necessarily mean that it was not important enough to re- 
ceive an award. It may be that the exhibitor was not entitled to 
receive awards, being represented on the jury, or that the partic- 
ular exhibit described was but apart of a collective exhibit for which 
the award was given. 

It was intended to make this description as complete a summary 
as possible of the more important, interesting, or novel exhibits. In 
some cases, however, promised descriptions or references were not 
received; in others none could be obtained at all. In some cases the 
exhibits were installed too late to be catalogued, and of these some 
may, therefore, have escaped the writer's notice; otliers were classi- 
fied in other classes, to which they more properly belonged, and it 
was, therefore, difficult to find them. In numerous cases the ex- 
hibitor feared piracy, and therefore hesitated and even sometimes 
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declined to give detailed information — in some cases even when de- 
scriptions had been i)ublished and all that was asked for was a ref- 
erence to the publication. In most cases the exhibits were not 
accomi)anied by attendants, and all the information whicli could 
tlierefore be obtained was from inspection, from circulars, or corre- 
spondence, or descriptions in journals, references to whieli were, 
however, difficult to obtain. The difficulty of making a description 
was increased by the fact that it was forbidden by the exhibition 
authorities to make notes or sketches; these were confiscated when 
found. Much of the apparatus was in cases, without either an 
attendant or a description or a reference to the same. 

There were numerous exhibits in which electricity was applied, 
which, however, belong more properly to other classes, because they 
are included in the scope of specialists in those classes and not nec- 
essarily in the scope of the specialist in electricity. These have 
been referred by* the writer either entirely or in part to the other 
classes. Among these classes are railroads (signals), meteorology, 
metallurgy, implements of war, engineering, clocks, medicine, sur- 
gery, physical and physiological apparatus, etc. It requires spe- 
cialists in those classes and not in electricity to properly appreciate 
and describe such applications of electricity. 

In reducing prices to dollars the value of the franc was assumed 
as 19.3 cents and of the pound sterling $4.84. The word "'here," 
frequently used in this report, refers to the United States and not 
to France. 

JURY. 

The jury of awards for the class G2, electricity, consisted of fifteen 
active members and five associate members, who were not entitled 
to vote. The names are as follows: 

President: Professor Mascart (EVance), member of the Institute; 
Professor of the College of France; member of the jury of the Expo- 
sition in 1878. 

Vice-President: William H. Preece (Great Britain), member of 
the Royal Society; Chief Electrician of the State Telegraph Depart- 
ment. 

Reporter: Prof. A. Potier (France), professor of the National 
High School of Mines. 

Secretary: Colonel Turettini (Switzerland). 

Members from France: Messrs. Marcel Deprez, Hippolyte Fon- 
taine, Fribourg. Huet, Postel-Vinay, Gaston Sclama, Col. Sdbert, 
Trotin. 

Belgium: Prof. E. Rousseau, Professor of the University of Brus- 
sels; member of the jury at the Exposition of 1881. 

United States: B. Abdank, Carl Hering. 

H. Ex. 410— VOL IV 2 
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Associate members: Jousselin, Rau, Sautter, from France; Leon 
Gody, from Belgium; J. Aylmer, from Great Britain. 

Of the fifteen active members, five (or 33 per cent) were from for- 
eign countries, of which the United States was the only one having 
two members (or 13.3 per cent) of the whole jury. Owing to the 
large number of exhibits and the wide range of this class, the jury 
subdivided itself into the following sections: (1) Machines, trans- 
formers, instruments — Fribourg, Hering, Potier, Sclama, Turettini; 
(2) telegraphy, telephony, signals, cables, wires — Aylmer, Jousselin, 
Preece, Trotin; (3) lighting and accessories — Huet, Postel-Vinay, 
Ran, Rousseau, Sautter; (4) electro-chemistry, batteries, accumula- 
tors, bells, miscellaneous — Abdaak, Fontaine, Gody, Hering, Mas- 
cart, S^bert. 

The examinations were made chiefly by the individual sections, 
but in many cases the visits were made by the whole jury together, 
as also by members individually. Awards were* recommended by 
the sections and were discussed and voted upon by the whole jury, 
at which meeting all but one of the members (Deprez) were present. 
The examinations made by this jury extended over a period of about 
two months. 

Official tests of many of the dynamos were made by the members 
of the jury. Those of accumulators, cables, a few batteries, and arc 
lamps were made for and under the auspices of the jury by the 
Labratoire Central d' Electricity. Besides these, many individual 
tests and examinations were made and witnessed by the members. 
The tests were to aid them in their work, and the results are in gen- 
eral not for publication. 

For a comparative list of the awards in this class in the different 
countries and classes, see page 11. 

CONGRESS. . 

OrganizcUion. — An official International Congress of Electricians 
was held in Paris from August 24 to 31, 1889. The committee of 
organization consisted of Prof. Mascart, president; Messrs. Lipp- 
mann, Fontaine, and Gariel, vice-presidents; three secretaries; a 
treasurer, and twenty-two members^ all of whom were from France, 
and were appointed by the French administration in July, 1888. At 
the opening, the following officers were elected: President, Mascart; 
honorary president, Sir William Thomson (Great Britain); vice- 
presidents, Ferraris (Italy), Kareis (Austria), Potier (France), Preece 
(Great Britain), Rousseau (Belgium), Stoletow (Russia), Weber 
(Switzerland); reporter, Joubert (France); director, Carpentier 
(France). The work of the Congress was divided into four sections, 
as follows: (1) units and measures: (•^) industrial applications; (3) 
telegraphy, telephony, and signals; (4) electrophysiology. 
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Membership. — There were about five hundred and thirty members 
who took part, eleven of whom were from the United States; there 
were delegates from foreign governments and societies, from Bel- 
gium, Brazil, Chile, Spain, Sandwich Islands, Greece, Italy, Japan, 
Mexico, and United States. 

Proceedings. — A few papers had been prepared by appointment to 
introduce the subjects, as also a list of suggestions of various sub- 
jects to be discussed and acted upon. Each section held from four 
to six meetings. As a very good summary of the proceedings was 
published officially by the administration and may be found in pub- 
lic libraries, it is not considered necessary to repeat it here. Most 
of this summary will be found very interesting. A complete set of 
the papers read, and the discussions, has been published by the ad- 
ministration. Some of the papers may be found in the various tech- 
nical journals of those dates. 

Units adopted. — The most important work accomplished was the 
unanimous adoption at the final general session of the following 
units and definitions: 

Joule, — The practical unit of work in the joule. A joule ib equal to W C. G. S. 
unitB of work. It is equal to the heat diaengaiB^ during a second by an ampere 
tiirough an ohm. 

Watt. — ^The practical unit of power is the ufatt. A watt is the power of a Joule 
per second. It is equal to lO' C. G. S. units of power. The Congreiw expreffses tlie 
wish that in practice the power of all machines, mechanical as well as eler.'trical, Ith 
expressed in kUawatts* (=1,000 watts) in place of horse-power. 

Decimal candle. — For measuring the intensity of a light in candles, the practical 
unit is to be a twentieth part of the absolute standard of light dettned by the Inter- 
natioaal Electrical Congress of 1884: it is to be called the decimal candle.^ 

Quadrant. — ^The practical unit of the coefficient of induction is the quadrant. 
The quadrant is equal to 10^ centimeters. 

Period. — ^The period ot an alternating current is the duration <j{ (me complete 
oscillatioQ. 

Frequetice.—Tbe frequence ot an alternating current is the number of periods per 
second. 

Mean intensity. — ^The mean intensity of an alternating current is defined by the 
formula: 
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Ejffeetite intensity.— The effective intensity oi an alternating current is the square 
root of the mean square of the intensity of the current. 

Effective E. M. F.—The effective electromotive force of an sit/nmsdmt; cummt in 
the square root of the mean square of the electromotive force. 

*One kilowatt equals 1.000 watts ^as iti name indicates), or l.fP'M metric h^/rvf- 
powefs ^or about foor-thiids. within 2 per cent;: or 1.3406 (Eoglisb) iKme-fy^/w^T^ 
<or Tery nearly four-thirds, within one-half f4 1 per cent;. One metrv: h/frm^ 
power equals 0.73575 kilowan 'or nearly thr»^-foarths); one (English; h'/rvf-j^/wer 
equals .745SM kilowatt 'or rery nearly thr^s^f^^Hirths). 

flbis decimal candle is rery nearly equal to the Englisb standard caadi/; and to 
a leoHi part of a carceL 
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Apparent resistance. — The apparent resistance is the factor by which the effective 
intensity must be multiplied to give the effective electromotive force. 

Accumulator plates, — In an accumulator the term positive plate is to indicate 
that one which is connected to the positive pole of a circuit during the charge and 
that which forms the positive pole during discharge.* 

The Congress recommends, as a means to determine the degree of 
incandescence of a lamp, the method proposed by Mr. Crova and 
adopted by the second section. 

The metallic circuit (double- wire circuit) is adopted for municipal 
telephone circuits and for lines connecting cities (interurban). 

The term interurban is to apply to all telephonic communications 
between two subscribers or public stations forming parts of different 
groups. 

The following was recommended by the section, but was not 
adopted by the Congress, on the grounds that it was of too admin- 
istrative a character: The unit of interurban telephonic conversation 
is fixed as three minutes. 

A communication from the American Institute of Electrical Engi- 
neers was presented through their delegates to the Congress, Messrs. 
Hering, Tesla, and Wetzler proposing that the next International 
Electrical Congress meet in the United States on the occasion of the 
coming International Exhibition in 1892. 

CONCLUDING REMARKS. 

In concluding these introductory remarks the writer can not urge 
too much that the very rapid growth of electrical engineering and 
its present great importance amont: the various industries, as shown 
by this exhibition, demand that it should hereafter receive a more 
prominent place in the classification and grouping of the exhibits at 
future exhibitions. It should, without question, be made a separate 
group, divided into at least two or three classes, in order that it may 
be given the prominence and attention which its importance de- 
mands. It is to be regretted very much that this was not done at 
the present exhibition, instead of retaining the old classification of 
1878, at which time the application of electricity in the arts and 
industries was practically limited to telegraphy, batteries, and bells. 

In conclusion, the writer desires to express his full appreciation 
and his thanks to Prof. Potier, of Paris, for his kind and valuable 
assistance in furnishing the writer with much valuable information, 
particularly regarding the French exhibits; also to Mr. B. Abdank- 
Abakanowicz; Prof. Mascart, of Paris; Mr. William H. Preece, of 
London; Dr. Palaz, of Losanne, and to the secretary of the National 
Telephone Company of London for important information and 
assistance in obtaining the same. To Mr. August Reeb, of the 
French Telephone Company, and to Mr. William J. Hammer, of 

* Or, in the usual lead accumulator, the brown or peroxide plate. 
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^lip Eclisoii Company, tlie writor ia iuJebled for ijptaile<i inforiualion, 
' ■i^ardingtln'ir iMpet-tivG exhibits. Mr, J. Carpentier, of Paris, 
.M>'S3ra. KUiutt Bros., and Messra. Woodhouae and Rawsoii, of Lon- 
ilun. kindly furnish tlit- cuts which accompany the description of 
their tixhibita. 

The writer desires also to acknowledge the kindnesBand courtesy 
the French administration of the Exhibition. 
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Bislorical. — The present commercial dynamo may he said to have 
been developed from experimental machines almost entirely within 
the past 12 or 15 years. Although the general principles were 
known, and the nnderlytng inventions had been made a number of 
years before, yet as there was practically no great demand for dyna- 
mos they received little attention until electric lighting was iiegnn 
a commercial acale, when the demand hecame so great that much 
■ntioD was given tliem. As there were no fundamental patents 
hinder progress, keen competition soon developed the dynamo 
into a very good and efficient machine. 

Progress. — Since this rapid development the jirogress has been 
elow but not unimportant ; it hae been mainly in the direction of 
hnding the most advantageous proportions, rather than to iind ratl- 
ically new forms. While the latter has been, and is, repeatedly 
attempted, yet most of them are abandoned for the well-studied and 
'll-tried forms. Improvements have therefore been mainly in ile- 
loping the best proportions and disposition of parts, and in details. 
e l)est machines at present are still in principle those of the orig- 
inal Gramme, Pacinotti, or drum armature types, though very 
iiiatei'ially changed in their projxH-tions and in the more advanta- 
geous disposition of parts, 

is generally the cAse with the development of such complex 
'hanisms, extremes were tried in all the different proportiotLs. 
itil at present the dynamo may be said to have reached a high 
,teof perfection, so that any radical improvement will have to be 
in developing a totally different type, rather than in greatly improv- 
ing the present form. 
A number of years ago the dynamo was already the most efficient 
isfonner of jiower in use, being far .superior in efficiency of con- 
Ion to the much older steam engine, boiler, turbine, or any of its 
It has long been so near to 100 j>er cent that improvements 
lo increase this efficiency are necessarily of only s mall Jn iportamre. 
The chief directions for improvements have thereQUI^t^dimin- 
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isli their weight, cost, and attendance (self-regulation, fixed brushes, 
etc.), and to prevent the detrimental sparking. In all these direc- 
tions important improvements were shown at the exhibition. The 
dynamo in its present form is a well-studied, well-developed, and 
highly efficient machine. 

High and low tension. — Series lighting, so very largely used in 
the United States, appears to be almost unknown in France, and, 
judging from the exhibits from others countries, in Belgium and 
Switzerland also. The present system of running Jablochkoflf lamps 
is the only exception of importance. High-tension, constant-current 
machines were therefore conspicuous by their almost total absence 
in the French, Belgian, and Swiss sections. There were several 
high-tension machines in the United States section, one in the Eng- 
lish (Crompton), and one in the German (Steinlen). 

With the exception of a few moderately high-tension series- wound 
machines for the transmission of power, the dynamos on the conti- 
nent are mainly shunt or compound wound, for constant potential 
circuits of 60 or 110 volts, arc lights being usually run in derivation 
with incandescent. 

Direction of development — The tendency in France, as well as in 
other countries on the continent, seems to be to prefer to drive the 
larger dynamos directly from the engine by coupling the shafts, the 
belt being, to a great extent, confined to smaller machines. This 
naturally leads to slow-speed dynamos, and, consequently, to arma- 
tures of large diameter, which in turn, together with other consid- 
erations, leads to making the field multipolar. Many of the larger 
machines were therefore multipolar and with large armatures. In 
one prominent case (Siemens dynamo) the usual disposition of parts 
was completely reversed ; the Gramme armature formed the outside 
of the dynamo, the multiple field magnets being inclosed by the 
armature. This type is used in a number of the large central stations 
in Berlin. 

Alternating-current dynamos, — Alternating-current dynamos were 
exhibited only by two or three exhibitors, the most important of 
which were those of the Thomson-Houston Company and that of 
Ferranti. 

Field magnets. — With the exception of the tendency to make the 
field multipolar for large machines, there were but few important 
modifications shown. 

The most radical change was in the Rechniewski machine, in which 
the whole-field magnets are laminated like the armature, resulting 
in diminishing the weight and gaining other advantages. 

Another feature of interest in several machines used chiefly as 
motors was a small pair of auxiliary poles just beyond the main pole 
pieces, to fix sharply the position of the neutral line, in order to 
enable the brushes to remain fixed in position for all loads. It ap- 
pears to give very satisfactory results. 
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!ne mullii»)liir fraiims, a furin nuK.-)i uwil is one having radial 
Ugui>ts with II yiikt" piece eiicirclinij them nil in common, aa in the 
irlikon machino described below. It necessarily makes a rather 
eand heavy frame and has the disadvautage that, as thecoiU lu-e 
lliprally t^lipped on from the iiiside. there are do jwlo-piece exten- 
ipits, and there is necessarily a comparatively large n.mountof dead 

v oil the armature. 
The Bo-calleti ''type supi'rivur" is also very common for bipolar 
It is a simple U-sha|>ed magnot like the Edison but with 
%© armature at the top instead of at the bottom, whence its name, 
which has no significance in the sense of the word "superiority" in 
English. This form has the disadvantage tliat there is a very ron- 
Lderable downward pull on the armature due to the combined action 
E the magnetic pull and the weight of the armature, two forces 
^ich act (tgainsi each other iti the Edison form. 
I In the proportions of tJie magnets the tendency is to make them 
short and thick. Ironclad magnet frames do not appear to be com- 
ing into use to any great extent. 
_ Armatures. — In armatures there were a number of features of 

berest. 
BTbe only radical change was in the Desrosiers dynamo, which is 
f the disk type, without iron. It has some interesting features, but 
it is doubtful whether it will prove an important departure from the 
regular forms. 
The large diameters of multipolar armatures, necessitated by slow 
^^Bbeed of revolution, have given rise to an interesting development, 
^^^Kougb not novel, of an atlaptation of the dnmi winding to cores of 
^^Kjieat diameter, without loss of dead wire at the ends. The <rore re- 
^^Bnables that of a large Gramme ring, but has tbe windings only on 
^^Be outside surface. A further description will be found below ia 
^^^Be detailed descri[)tion of the Thury dynamo. 

In general, for large machines, makers have diminished the num- 
ber of layers to a single one. for macliines up to the usual 110 volts, 
and in some cases even higher volts, as in the 600-volt Oerlikou 
machine. This fetiture of a single layer has developed the so-called 
" built-up" armature, of which there were a number exhibiteil. In 
these tbe armature wires or bars are maile sei)arately and are then 
1 position, one next to the other, and afterwards connected 
fother, in distinction to being wound on in form of a wire. This, 
k rale, makes a perfectly regular, symmetrical winding of very 
t appearance, and having other advantages. Tlie use of teeth or 
on the armature, between the wires, seems to be meeting with 
3 favor. As it gives rise to injurious Foucault currents in the 
s pieces, it necessitates some modifications. This is accomplished 
ftthe Rechniewski dynamo by laminating the field, and in a number 
fotber fornif by magnetically shunting, as it were, the iron of the 
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core, by having a small amoiiut of iron on the outside. of the wires, 
as, for instance, by making the teeth meet on the outside, or cover- 
ing the whole armature with a thin shield of iron. If the small loss 
of magnetism caused thereby accomplishes the object sought, as it 
appears to, it is a well-applied loss. 

Brushes. — Brushes made of a fine copper gauze appear to be com- 
ing into use rapidly. Carbon brushes are also being used more fre- 
quently. Some improvements in brush holders also were shown, 
chiefly to prevent their heating. 

Bearings and oiling. — Bearings are as a rule made large in diam- 
eter as well as in length. In the larger machines they are often sup- 
ported on spherical pivots. The oil-cup feed is being replaced very 
rapidly by the ring feeder; so much so that the former method now 
forms the exception. In these ring feeders there is a reservoir of 
oil cast in the bearing below the shaft, and a vory loosely fitting re- 
volving ring rolling over the shaft carries the oil from the reservoir 
to the top surface of the shaft. 

Exhibits by countries. — The exhibits of dynamos were pretty well 
divided among all of the principal countries who exhibited largely 
in the class of electricity. In numbers only, France excelled; but in 
importance and interest other countries were fully equal, especially 
Switzerland and United States. 

Kilowatt. — In the accompanying detailed description of dynamos 
the term ** kilowatt" will be used exclusively in referring to the out- 
put or power of a dynamo or motor. This term was adopted by the 
Electrical Congress of 1889 with a suggestion that it be adopted also 
by mechanical engineers to replace the arbitrary unit **horse power." 
It is a true unit of power, and is equal to 1,000 watts, as its name 
indicates; also to 1.3592 metric horse powers (or about four-thirds 
within 2 per cent), or 1.3406 English horse powers (or very nearly 
four-thirds within one-half per cent ; I metric horse power equals 
0.73575 kilowatts (or nearly three-fourths; 1 English horsepower 
equals 0.74594 kilowatts (or very nearly three- fourths). 

Comparative data. — It was intended to give here a number of the 
practical deductions of various important constants used in calculat- 
ing and designing dynamos, but this had to be abandoned, as it was 
too diflBcult to obtain the desired information and to make the re- 
quired measurements, as the exhibition administration forbid taking 
notes or making sketches, and whenever the information could be 
obtained from exhibitors it was generally with the understanding 
that it should not be published. This is to be regretted, as many 
valuable figures and constants could thereby have been deduced 
and useful deductions made. The writer is therefore limited here 
to a few very general deductions made from such information as 
could be obtained from published or public statements of the makers. 
The deductions are therefore necessarily crude, but will serve in a 
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general way for comparison as well as for their absolute values. 
The only useful deductions that could be made are the relative 
weights and the relative prices, both reduced to common units. 

Watts per pound. — The first is reduced to the number of watts 
obtained per pound of dynamo complete, from which it be will be 
seen in the following table that this does not vary materially with 
the size, so that in general the statement can be made that the power 
of a dynamo increases in proportion to its weight. Most of the fig- 
ures lie between 4 and 7 watts per pound; in a few of the heavier 
machines they are as low as 2.2 while in the very light Rechniewski 
machine it is as high as 11.5. With a very few exceptions the dyna- 
mos in the table are all low potential machines. In one high poten- 
tial arc-light series machine (Crompton) the output is as high as 
18.5 watts per pound, if the data are exact. These figures naturally 
depend greatly on the speed, which is therefore also given here. As 
the output in general would be proportional to the speed, a better 
and more independent figure of technical interest, showing the rela- 
tive values of the different constructions, would be the watts per 
pound divided by the linear velocity of the moving wire of the 
armature, thereby eliminating the speed and giving due credit to 
the larger armatures; but this requires the size of the armature, 
which could not always be obtained. 

Price per kilowatt — The other deduction, the cost of the dynamo 
per unit of power, has been reduced to the cost price in dollars per 
kilowatt of power. This, naturally, varies with the size of the 
machine; but it will be noticed also that it varies very greatly with 
the manufacturers, and that in general it is, for the same size, about 
twice as great for the American machines as for the European; as 
the former may be taken as fair prices here, it shows the very great 
cost of dynamos in the United States as compared with those 
abroad. Even with a high duty it would be more economical to 
import dynamos from Europe. In cheapening the cost of dynamos 
we have therefore much to learn from abroad. The prices are all 
list prices, most of which are subject to a discount, especially those 
from the United States. 
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INCANDESCENT LIGHT AND POWER DYN AM OS-Continued. 



Name. 



SWITZERLAND— continued 

Thury 

Zurich, lighting 

Zurich, power 

Winterthur 

Dulait 

Do 

Jaspar , 

Do 

nfOXJkND. 

Wentminster. 

AUSTRIA. 

Ganz 

Do 

Do 



1 

Kilowatts 

(1.000 

watts). 


Volts. 


1 
Ampdres. 


Number 
of rev- 
olutions. 


1 

Watts per 
pound. ' 


126.0 
18.2 






185 
800 


9.5 
8.9 


110 


120 


25.8 
22.0 






750 
900 


4.3 

7.1 


110 


200 


11.0 


110 


100 


700 


8.8 


85.8 


110 


825 


650 


7.8 


10.5 
20.0 

82.0 


70 
100 

80 


150 
200 

400 


875 
600 

420 






ao 


1.7 


110 


15 


1.400 


8.1 


11.0 


110 


100 


600 


4.8 


44.0 


110 


400 


375 


4.5 



Price itt 
dollars 
per kilo- 
watt. 



42 
87 



ARC UGHT DYNAMOS (FOR SERIES DISTRIBUTION). 



Thomson-Houston (United States), 

Do . 

Do 

Do 

Breguet (Old Gramme) (France) . , 
Cromptoo (England) 



1.8 
8.4 
15.6 
22.8 
14.8 
32.5 






1,250 
900 
820 
880 
800 


2.6 
2.4 
8.0 
8.8 
4.8 
18.5 














1,100 
1,800 


18 
25 



806 
268L 
212 
175 
51 
94 



ALTERNATING CURRENT DYNAMOS (EXCITER NOT INCLUDED). 



Thomson -HouHton (United States) 

Do 

Do 

Zipemowsky (Austria) 

Do 

Do 

Do 



85.0 

70.0 

140.0 

10.0 

50.0 

160.0 

880.0 



1,000 
2,000 
5,000 
5,000 



10 
26 
82 
76 



1,600 

1,070 

680 



9.8 
8.5 



6.5 
6.7 
€.6 
7.5 



6» 
67 
64 



Jury tests. — The electrical jury of awards tested quite a number 
of the dynamos for efficiency and indirectly also for some other fea- 
tures, but the results obtained were for their use as jurors and not 
for publication. The efficiency tests were made by the usual elec- 
trical method of measuring the losses in the field, in the armature, 
and in stray power (friction, Foucault currents, etc.). The djTiamo 
was run as a motor at its true speed, with separately excited field, 
and the electrical powers measured. This test, which is decidedly 
simpler and probably more accurate than a dynamometer test, serves. 
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also to check some of the data furnished by the makers. The f^^^H 
uhtaiued were iirnhubly withiu one-tenth to one-twentieth of tl^^J 
true value. ^H 

DETAILED UESCRIPTIOSS. ^H 

Ab the number of different forms of dynamos exhibited is gTM^^f 
than the number of their exhibitors, no attempt has been made ^^H 
to give a description of them all: nor was it thought necessai^^H 
give a complete description of any, ae most of them have been^^f 
scribed and illustrated in the technical journals. ^^M 

The following descriptiyns are therefore limited to a short ^^H 
«ral summary of some of the more interesting though not alwi^H 
novel features. No attempt has been made at any cla£sificatioa,.^H 
cept into continuous and alternating current dynamos. ^H 

Aii-arda. — The awards mentioned were not always for the dyn^^H 
alone, and are therefore omitted in some cases. In a numha^^H 
cases the makers were represented ou the jury and the exhibits w^H 
therefore not entitled to awards. ^H 

CONTINDOCS-Cl'RBENT DYNAMOS. ^H 

Oerlikon. — One of the best exhibits of large and massive dynaS^H 
was that of the Oerlikon Co. (Swiss section, Orand Prize), the ^yD&I^^| 
being designed by Mr. C. E. L. Brown. They were the only exM^H 
itors who received the highest award, grand prize, chiefly for tl^^| 
dynamos. The only other two exhibitors of dynamos who recei^^H 
this high award were Thomson, and Edison, in the United Stat^l 
section, who. however, received it largely for their electi-ical work 
and researches in general. 

There were three distinct types of dynamos in the Oerlikon ex- 
hibit: The first, a very large, massive, four-pole machine, for trans- 
mission of power ; the second, for incandescent lighting; the third. 
a small, compact machine, chiefly for ship lighting. All three 
were coupled directly to their own engine. 

Large Oerlikon. — The large one is shown in the adjoining illus- 
tration (Fig. 1) and is a good example of a large, massive, rigid 
machine of simple construction. It was one of the two largest dy- 
namos at the Exhibition, the other being the large Edison dynamo 
of the same output, 150 kilowatts. It is a series-wound machine for 
the transmission of power, the magnets being wound with bands of 
copper 1 millimeter (0.04 inch) thick and as wide as the coil is long, 
about 12 inches, insulated by means of bands of pajier of the same 
width. It is for about 250 hoi-se power, at 'i'Hi volts and about 2S0 
ampferes. 

The armature is a very neatly wound Gramme ring, about 40 
inches in diameter, having a speed of 500 revolutions. This gives 
a velocity of the moving wire of 80 feet per second, which is very 
high, being almost double the usual velocity. 



BtSCtBICITY. 



29 



I The field is very iuten^i^e, beiilg 51.0011 effective lines of force per 

■ inch, wUicli Is almost double the usual intensity. This is 

ilculiitod from the electroniotiw force generated, the velocity of the 

Hre, and the luimber of turns of wire on the armature, and therefore 

udeaonly the actual effective lines of force. This great veiwity 

1 intense field give the exceedingly high induction of H,3 volts jiur 

t of active wire, which is almost four times that in the usual ina- 

!iines. and is therefore probably the best obtaiued in a commercial 
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machine. The magnetic density in the armature core is about 78.50(> 

i per square inch, which is not very high. As the area of the 

B l»ieces is the same as the cross section of the cores of the field 

mets, the rnaguetie density in these cores, assuming no leakage, 

' I he 51,000 Hues per square inch. 

[ From these figures it follows that there are 86 effective lines cif 

ffce generated per ampere foot in the field magnet coils. The volts 

I amperes from which some of these deductions are made are 

lobably a little too high, aud, therefore also, the deductions which 

e based on the volts and amperes, but the difference is probably 

t very great. 

~ e loss in the field is said to be 1,750 watts, from which it follows 
At there are about 20,300 effective linesof force generated per watt 
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in the field, which is also very high, being considerably higher than 
usnal. This high efficiency of the field is due partially to the very 
low relative resistance of the coils, their nearness to the iron, the 
^eat mass of iron, and the fact that the magnets are partially 
ironclad. 

The weight of the machine complete is 38,000 pounds, and the 
output being 150 kilowatts, gives about 4 watts per pound of dy- 
namo. The same figure for the Edison machine exhibited, having 
the same output, but less speed, 450 revolutions, is 4.8 watts per 
pound, showing that the Oerlikon machine is heavier even at a 
^greater speed. 

The selling price is stated to be 18,000 francs, or $348, making 
$23.2 per kilowatt. These machines are used for the transmission 
of power, the single motor being similar but slightly smaller. 

Medium Oerlikon, ^The second type of machine exhibited by the 
Oerlikon Co. is of interest owing to its armature. The armature 
wires, instead of passing over the outside surface of the armature 
■core, pass through circular holes through the core lengthwise just 
beneath the surface ; the core, therefore, extends almost to the pole 
pieces. The wires consist of straight copper rods inserted into 
these holes and soldered at their projecting ends to the bars which 
lead back through the inside of the ring. It is in effect an armature 
with teeth which close over the wire on the outside, the wire being 
thereby inclosed entirely in iron. 

The speed — 360 revolutions — is comparatively low, the conductor 
velocity being only 38 feet per second, and as the field is not very 
intense the induction is therefore only 1.75 volts per foot. The 
weight being 13,500 pounds, and the output 110 volts and 370 
Ampferes, or 40.7 kilowatts, the relative output is only 3 watts per 
pound. It is therefore not a light machine, but that is due chiefly to 
its having such low speed. It is used chiefly for lighting in multi- 
ple arc. 

Small Oerlikon. — The small machines, used chiefly for ship-light- 
ing, coupled direct to a small engine, has a peculiar field, though its 
form is not new. It has only two field coils, but has four poles, and 
the field is nearly ironclad. The frame is a low, flat, rectangle, in- 
closing the coils and armature. The middle of the long sides act as 
two poles, and the ends of the cores through the horizontal coils act 
as the other two. It is very compact and rigid ; in fact, could hardly 
be more so. The mass of iron in the field is comparatively great. 

Rechnietvski. — One of the most interesting improvements, and 
probably the most valuable of all those shown, was in the Rechniew- 
ski dynamo, exhibited in the Russian section by the inventor (gold 
darnel) and in the French section by the Soci^tt^ TEclairage Elec- 
trique (gold medal). 

The improvement consists simply in making the field as well as 
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J nrmatare of tliin slieets nf wTought iron, and having teeth on 
! Armtiturei4. The principle involved is tlmt. for tho same out- 
Bot, all parts of ii dynamo may in generHl be made smaller and 
filter if the field ie made more intense. Now, the intensity of 
laguetism generated is dependent very mnoh <>ii the su-called 
I'entrefer" — thatia,the distance between the iron of the armature 
ud that of tho polo pieces, as this part of the magnetic circuit 
ffers by far the greatest resistance. This magnetic resistance of 
L'Utrefer is very nialerially lessened by having teeth or lugs on 
tie armature, extending out between the wires to nearly meet the 
tole pieces, a fact which was appreciated even in the early Paciuotti 
ichiues. But Buch teeth on the armature produce a very great 
md rapid periodic variation in the magnetism and thereby develop 
^reat aud injurious Foucanlt currents iu the pole pieces, so much so 
Ihat llify have inmost machines been abandoned. 

Numerous devices have been suggested and introtluced to avoid 
this with more or less effect; Weston, for instance, cast his pole 
pieces with a few slots in them with the intention to diminish the 
Foucault currents; he also made the extremities of the pole pieces 
inclined, so as to avoid too sudden changes of the magnetism ; 
jprown (see Oerlikon machine), made the teeth meet outside of the 
ire; Picou (see French Edison machine), made them so that they 
most meet ; Dobrowolsky connects the two pole pieces by thin iron 
aids, thereby losing some magnetism but apparently overcoming 
^e effect of their heating ; other makers do practically the same 
■ng by covering the outside of the armature with iron wire, 
Kkakiug a magnetic shield, as it were. The latter devices appear 

be effectual ; they are similar in effect to avoiding a spark iu open- 
1 electric circuit, by having a relatively high resistance as a 

hant to the spark, thus avoiding to a groat extent the injurious 
fleets of the spark at a cijst of some current. 
Rechniewski, however, is more radical, and practically avoids 
^he Foucault currents entirely by making the entire field of very 
thin sheets of iron, just as iu armatures. He thereby has addi- 
tional ai^lvantages : the imn used is of the very best and softest qual- 
ity aud therefore is better magnetically ; the shajie of the pieces is 
ich that both armature and field disks are punched out of the same 
8 to have very little loss : fnrthermoi-e. the whole field disk 

1 in one piece so as to have no magnetic joints : as all parts are 
nnohed there is no further boring or shaping of the Geld ; all tliat 

UM8 to be done is to bolt the plates all together, through punched 

, and to secure them to a Ijase plate. The operatioti of punchr 

5 is 8aid to be quite cheap after the dies are once made, so much 

it that the whole cost of manufacture, for the same output of dy- 
), is said to be considerably cheaper than that of the usual forms 

rlthaolid wrought or cast iron fields. 
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There is no doubt that the machines exhibited are very small and 
light for their output, which shows that the iron and copper are more 
advantageously used. Any feature of a dynamo which enables a 
less quantity or cost of materials to be used in one part is a gain in a 
greater proportion than that of the weight saved. For instance, in- 
creasing the magnetic permeability of the iron of a core saves not 
only in the cross-section of iron but also in the copper of the coil, 
and thereby in the length of the core, etc. 

The smaller Rechniewski machines are made in the ordinary 
horseshoe type of frame, like the Edison, but with the armature 
at the top ; the large ones are made multipolar. 

There being practically no Foucault currents, and the dimen- 
sions of both copper and iron parts being small, the dynamos can 
be built with a very high efficiency. A formula suggested by Pro- 
fessor Potier (see his paper read before the Electrical Congress, 
1889), to determine the relative values or the relative economy of 
the frames of dynamos considered by themselves as a magnet, shows 
that the frame of this dynamo is far superior, magnetically, to any 
of those exhibited for which the figures could be obtained, the 
figures obtained (the lower ones being the better) being 7.4 as com- 
pared with values varying from 12 to 33 for other well-known 
machines. But this figure is of interest chiefly from a theoretical 
point of view, as it happens that the worst figure is that obtained 
from a machine which was apparently among the lightest and 
cheapest of those exhibited, giving over 18 watts per pound, and 
selling for about $24 per kilowatt of output. 

The following data of one of the Rechniewski machines may be 
of interest: 110 volts; 130 ampferes; 14.3 kilowatts; weight, 1,240 
pounds ; speed, 960 revolutions ; linear velocity 31.5 feet per second ; 
thickness of iron plates, 0.024 inch ; 122 watts per pound of copper ; 
11.5 watts per pound of dynamo; electrical efficiency, 95 per cent; 
commercial, 92 per cent ; total lines of force, 3,700,000 ; in armature 
core 135,000, in magnets 97,000, and in field 40,000, lines per square 
inch. It will be noticed from these that the dynamo is very light, 
giving double and even triple the number of watts per pound ; also 
that the intensity of the magnetism is relatively very high. 

A test made by the writer to measure the amount of magnetic 
leakage showed that, of the magnetism generated, only about 14 per 
cent did not go through the armature, the usual loss, in other 
machines, being about double this. 

It was suggested that this machine could be used as an alternat- 
ing-current motor just as it is, but it appears that it was not satisfac- 
tory, for some reason. 

For a further description of the Rechniewski dynamo, with illus- 
trations, see La Lumiere Electrique, February 16, 1889. See also 
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Uleliii du lit Suitii'ti^ IiiU'riialiniialp dfs Eleclriciens. June, 1890, 

eierg. — The Dearoziers dynamo exhibited by Breguet (French 
Hon, gold meilal) attracted cniiBiderable attention, owing to its 

J totally ilifffTt'nt from the usual tj-pee. 
t belongs to the rlass of liisk machines, having no iron in the 
miiturit. Ill principle it resembles Ihe Pacinotti disk dynamo of 
>, and also iho disk dynamo devised by Edison ft number of years 
3 and exhibited in the Electrical Exhibition of Ism in Philadel- 
a as a historical model. It is therefore not new in principle, but 
B some novel features in its details. 

) constnictiun of the armature is necessarily very complicated, 
1 it is a qUL!stioii whether it will compete very favorably with the 
J simpler, ordinary, well-built dynamos, as the few advantages 
lined seem hardly worth the extra complication: the cost of wind- 
ing the armature must necessarily be quite great. In general appear- 
3 it resembles somewhattheold form of Siemens or the Ferranti- 
"hompson alternating-current machines, in which the armature is in 
Pthe form of a thin, vertical disk revolving between the jioles of hori - 
zontal magnets parallel to the shaft and arranged in a circle near the 
circumference of the disk. In the Desi-oziers machine there are six 
such magnets, ea^^'h having wide pole pieces. 

The armature is in principle somewhat like that intbe well-known 
Ferranti-Thom])Bon alternating -cuirunt machine, in so far that each 
wire passes out radially in the lield between two opposite poles and re- 
■ . turns raflially througli the nest held of opposite polarity, thence out 
tetween the next . anil so on ; the currents induced in a wire are there- 
B in the same direction. Or it may be described as follows: Sup- 
ping the dynamo to have two sets of field magnets instead of six, 
B armature would, as far as the winding is concerned, l)e equivalent 
i drnni armature winding in which the cylindrical surface was de- 
oloped into a fiat disk perpendicular to the axis, the active straight 
rtions of the wire being then radial instead of parallel to the axis. 
,e respect it differs, however, from multipolar machines; geu- 
f in such machines the sets of wires moving in a pair of fields 
s in multiple arc with all the other sets, but in this winding the 
B in the different pairs of fields are in aeries, which has the ad- 
fentage that should the fields he slightly different they will not in- 
different electromotive forces in coils which discharge their 
brrent in multiple arc. 

t Another device of interest, which is too complicated to be de- 
iribed here, is the metlnHi of so bending the wires outside of the 
i that they do not cross each other at right angles, but remain 
^proximately parallel to each otherinthesamesense that thestrands 
H, Ex. 410— v(iL IV -i 
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of a slightly twisted cable are approximately parallel, though they 
change their relative positions. This arrangement, however, brings 
a very large mass of dead wire at the outside and the inside ends of 
the active wires. 

A detailed description, with numerous illustrations, will be found 
in TElectricien for 1888. 

Thury, — The Thury dynamos exhibited by Cudnod, Sautter et Cie 
(Swiss section, gold medal), have a peculiar frame and armature dif- 
fering from the usual types. The armature is of relatively large 
diameter; the six flat field magnets surround this armature in the 
form of a hexagonal frame, each side of which hexagon is one of the 
magnets and is almost tangential to the armature; in each of the six 
corners the magnets are joined to pole pieces. It is therefore a very 
compact form for such a large armature, but the composite construc- 
tion of the frame does not commend itself, and it adds greatly to the 
labor in constructing them. They are, however, very well built, and 
belong to the better class of the large machines exhibited. 

The armature is of a peculiar type, which appears to be meeting with 
favor and which has undoubted advantages, as it enables the ordinary 
drum windings to be used on armatures of large diameter without in- 
creasing the dead wire on the ends; it thereby enables great linear 
speed to be obtained and permits making the field multipolar. The 
general principle is that each armature coil is in the form of a rectan- 
gle, laid on the cylindrical surface of the core, nearly tangential in- 
stead of diametrical, as in the usual drum armature; the distance be- 
tween the long sides being equal to the distance between the center of 
the pole pieces, and each coil being two coil spaces in advance of the 
preceding one, as usual. It is, in effect, an ordinary drum winding, 
if the two north pole pieces, for instance, on the two sides of a south 
pole piece are considered as the equivalent of the one diametrically 
opposite in the usual form. The core of such an armature is a ring 
like that for a Gramme armature, but it has no windings on the in- 
side surface, and the windings all cross each other on the two ends. 

Edison. — The Edison dynamos are too well known to require de- 
scription here. The one large machine exhibited was of tlie largest 
size made and is their unit for central station lighting. It is a 2,500- 
lamp machine, for about 150 kilowatts; speed, 450 revolutions. In 
their present standard type the old form of multiple magnets have 
been replaced entirely by a single pair; their length has been re- 
duced and the diameter increased; the length of the armatures has 
been reduced and the diameter increased. All the fifteen different 
sizes of this type of their machines appear to have the same relative 
dimensions. The outputs are said to be very nearly as the third 
power of the dimensions. These machines probably rank among 
the best of the large machines at the exhibition, and are good ex- 
amples of a rigid, massive dynamo of simple construction. 
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Kl&lison claims to have been, and doubtlesa was, the first to appre- 

[ait! till- importanceof very large and powerful magnets in dynamos, 

h fiiutiiru which hassinco been universally adopteii. He has built nia- 

lioes weighing 27 tons, thi' armature ahmu woighiug 1 toiis. hut 

ewere soon abandoned. The oub exhibited is the largest size 

e now, and gives 140 volts 1.075 anip&res. weighing Ul.OOO jwuuds 

,; this is equal to 150 kilowatts, making 4.« watts per pound, the 

ed being 430 revolutions; it is therefore a relatively heavy ma- 

lUD«. Tho selling price is at the rate of $011 per kilowatt, which is 

Otceeding high, being about double thai of other Europitan dyua- 

KThere was exhibited also a small high potential machine of 1.200 

^ts, of the same general appearance, but with a field magnet wiiid- 

jin sections. No satisfactory explanation of it could bo obtained. 

St is for the municipal system of incandescent lamps in series. 

, J}V^nch Edison Company's dynamos. — The French Edison Com- 

iny build a number of different types, <iependiug iiixiu the purpose 

r which they are to be used. The or.Iiuary type for lighting is iu 

lOcrHl like that of the American Edison Company. They still 

netimes construct them with multiple parallel magnets, and some- 

mes with two seta of magnets and the armature in the middle, iu 

liich forms the magnets are consefinently very short. The cores 

) generally wrought iron with cast-iron pole pieces. They make 

mos also of the Manchester type, but prefer the other. The leak- 

e of lines of force in this Manchester type was found to be 33 per 

at, as ompared with 20 to 25 jjer cent iu the ordinary Edison form. 

©Manchester type of frame is probably one of the poorest forms 

Spr economy of the magnetism generated. 

I jpVencfe Edison Conijiany's motors. — For motors from 2 to 8 horse 

tower, lo be used in constant potential circuits, they make a new and 

terestin^ form devised by Mr, R, V. Picou. The frame is a circu- 

r yoke-piece having four radial magnets on the inside, terminating 

\ the armature. Two of these are large and two small; the two 

^ge ones are diametrically opposite to each other, are of opposite 

iclarity, and are shunt wound; tho two small ones arti series wound, 

\ are each of the same polarity as the large one precciHng them in 

B direction of rotation of the motor. The object is to keep the 

nutral lino in the siioie position for all different loads, iu order that 

> brushes may remain fixed in position for all loads — a very im- 

prtant feature for motors whose loads vary continually, especially 

ten they are in inaccessible places. This regulation of the neu- 

[ lino is accomplished by thtjse small series magnets by their 

jawing the neutral line forward as much as the increased current 

i'thd armature draws it backward, thereby keeijing it in the same 
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Till' large uagncta are wound as the short shunt — that ia, as 4 
Ehunt to tlie armature, and not to the whole machine, the object of 
which isthatforinoroased loail — that, in, rurreut — the potential ttt tba 
shunt maguotfi falls, whereby the field becomes wealcer and coniw- 
fjnently the speed of the motor tends to become greater, which 
balances any tendency of the speed to fall with increased load. 

The price of these motors is about at the rat« of ^32.50 per kilo- 
watt, which is very cheap. 

French Edition Cotni>aw/s small mot.ors.—Foc very small motors 
they make a Gramme ring armature of peculiar form, in which tbo 
outside wires of the armature are almost entirely encircled by iron, 
the outside surface of the armature being entirely iron. The cotla 
are wound into cylindrical longitudinal holes through the arma- 
ture rings near their outside sui'face. The wire ia wound into these 
holes by being passed through a narrow slot cut through from the 
outside to these holes, these slots being just wide enough to allow 
one wire to be passed through. 

The whole is in effect equivalent to having teeth or lugs on the 
armature, which are so much wider at theii" outer end than at their 
roots that they almost meet. The advantage is that the space be- 
tween the iron of the armature and that of the magnets is exceed- 
ingly small. 

They claim to obtain more watts per pound by this arrangemeat. 
An 8-ampfere motor at 110 volte weighs 75 kilograms, which makes 
5.3 watts per pound of motor. They are said to require much 
more compounding than other forms. 

Crompton series dynamos. — The dyiianu>s of Crompton & Co. 
(British section, gold medal) were the only ones exhibited in the 
British section. Their arc-light machines are probably among the 
Iwst known in Great Britain, and are too well known to require 
description here. They were among the very few series-woi 
dynamos exhibited for higli-teneion constant currents. 

The chief claim is for lightness and for maintaining a practically 
constant current, which isnotmateriallyaffected byslightchsngeaoE 
Bj>eed and load. This latter is accomplished by increasing consider- 
ably the cross-section of the iron of the armature as compared to that 
of the magnets, the proportion being 1.0 to 0. 98, while tliat in the usual 
constant potential machines is said to be 1.0 to 1.4 and 1.3. The 
magnets, l)eing seriea-wouutl, are therefore normally supersaturated, 
while the armature is not. A slight increase in current, due to 
diminution of external resistance or to slight augmentation of speed, 
will, therefore, not affect the magnets materially, but will increase 
the counter-magnetism of the armature, which will shift its neutral 
line in the direction of rotation and thereby diminish the electro- 
motive force of the macliine. thus effecting an ajiproximate regula- 
tiou of the constant current. 
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Tn tlift clmractnriBtic of such a aeries macliitie, giving tlie n-lalioii 

!i>n tliu volts uriil thi.' ftiiipi^res. tliu iiuitit of normal current, 35 

np^ed, would bo slightly btiyond the point of maximum potential ; 

ist is, it wtmM be just beyond the boginningof descent of such curve. 

e maker claims that iu otlier macliiiiei^ of this nature, namely, the 

Brush and the Thomson-Houstou, the armature is also saturated, 

hrhich therefore dimiuishes the efficiem;)' uf the luachiues and iu- 

ises their weight and cost, Iii one of his machines, giving 1.3CI0 

folts and 35 ami>fere8, or 32.5 kilowatts, tlie loss in the armatmv is 

giiven as 850 watts and that in the magnets 8?0 watts, giving an elec- 

tic&I efficiency of D? per cent, while the commercial efficiency is stated 

Im 94 per ceiit. Theweightof the machine is I, T6(' pounds, raak- 

' jf, therefore, 18.5 watts per pound of machine. 

^ The selling price is »770. making about 434 per kilowatt, 

I In its construction it differs from almost all other machines exhib- 

l in that till! magnets jire wound with wiie of sijuare cross-sec- 

len instead of round, as usual, whereby the volume and weight 

': tha coib are dimiuished. He olaims to have been the first who 

jdopted a radial depth of one-tifth of the diameter for the crosa- 

Ktion of the Gramme ring, .and which, he claimt^, was an important 

piproveraent which all other makers have since adopted. 

t An illustration of thfse machines, though not iK^compaDied by a 

scriptiou, will be found in the Electrical Engineer (Loudon), Au- 

_ Lift 2, 18K». 

I CromptoH ritmi'ound dynamos. — The saiuo maker also claims to 
jftVe been the first to develop aiul swiopt the fom|wuud winding for 

mtitant potential machines in 1883. 

. A novel device used in hia heavy-current machines is that, instead 
f using solid bars of copper, there are four bars of square cross- 
Kition, which are twisted through a half-turu about at the middle. 

Be object of which is to prevent the generation of Foucalt currents 

II the bar itself, which are apt to e-tist when the bars are veiy thick. 
6 the large Edison machines a similar principle isadojited, probably 

7 the »ame purpose. 
xBelforL — The dynamo known sis the Eelfort dynamo, exhibited by 
e ijoci^ttf Alsacieune de Constructions Mei'aniqnes (Krench section, 
pld medal), is like an Edison mitchine turneil upside down, the 
mature bciug at the top. The strong magnetic, downward pull on 
eurmature, which is tlie great objection to tins form, is claimed 
b be ovort^ome byextemling the irou cores to the extreme end of the 
joK' pieces instead of tapering them off as usual, but it is probably 
Illy a partial remedy for this evil. The cores are of round wrought 
Kin, while the yoke and pole pieces are cast and fitted to this rouiicl 
■, thus facilitating the winding and removal of this coil if iieces- 

[t accessory of interest i.s a brass spun cap secured to Ihc pole 
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pieces and covering the end of the armature to the commutator. 
This adds greatly to the appearance and protects that end of the 
armature from the metallic dust of the commutator. 

Another feature is that the commutator is made of steel bars se- 
cured only at the armature end, the inside of the commutator being 
quite open and the insulation between the strips being air. It can be 
readily cleaned and probably lasts much longer than one made of 
copper as usual. 

Siemens. — Another dynamo exhibited by the same company and 
called the Siemens dynamo is interesting on account of the very odd 
form, though it is very doubtful whether the few advantages gained 
justify the increase in the complication. 

It consists of an enormous Gramme ring about 6 or 7 feet in 
diameter and supported at one end, leaving both the inside and out- 
side free from obstructions; the radial magnets, of which there are 
a number, are on the inside only; the windings on the outside of the 
Gramme ring are made of bars of bare copper, which at the same 
time constitute the commutator, on which as many sets of brushes 
slide as there are magnet poles. 

The outside appearance of the machine therefore resembles a huge 
copper fly-wheel on which the brushes slide. It is in fact merely a 
multipolar Gramme machine with the magnets on the inside instead 
of the outside, the windings on the outside of the ring itself consti- 
tuting the commutator or collector. 

The chief advantage is that great circumferential speed is thereby 
attained at slow speed of revolution. The great amount of copper re- 
quired on the ring and the great speed at the brushes are attending 
disadvantages, as is also the complicated link, gear, and lever mech- 
anism for holding the numerous sets of brushes and for enabling 
them to be moved together and lifteii off simultaneously. 

This is the type of machine made by Siemens in Berlin and is used 
largely in some of the central stations at present being erected in 
that city. In the latter the dynamos are so large that they must 
be built, to a great extent, in place in the stations themselves. The 
armature in these acts as the fly wheel of the engine, to which it is 
coupled directly. 

Thomson-Houston arc dynamo, — The Thomson-Houston (United 
States section) arc-light machine is apparently the same as it has 
been for a number of years. It appears to be commercially a very 
good arc-light machine, in spite of the apparently [irrational con- 
struction of the field. 

Thomson-Houston power dynamo, — Their dynamo for power and 
motor work is of the same type as the Edison, only that it has the 
armature at the top instead of at the bottom. One of these was 
placed side by side with one of the older forms of the same output. 
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showing the great improvement in favor of the newer form in size, 
construction, and appearance. 

Thomson-Houston miniature dynamo. — In the personal exhibit of 
Prof. Thomson was a miniature dynamo of some interest, as it is 
probably the smallest ever built. The object was to study the self- 
exciting property for a small shunt machine. Its armature was about 
1 inch in diameter and 1 inch long, making 8,000 revolutions and 
giving 2i volts and 3 amperes; its weight was 2.2 pounds, which cor- 
responds to 3.4 watts per pound; the two largest machines at the ex- 
hibition, the Oerlikon and the Edison, each for 150 kilowatts, gave 
4 and 4.8 watts per pound, respectively; the output of this little 
dynamo is therefore nearly the same as that of large ones. Small 
as it was it excites itself as a shunt machine, which is said to be 
quite remarkable. It is said to have been built with as nearly as 
possible the same relative proportions as their largest machine for 
the transmission of power. 

Miot — The distinctive feature of the Miot dynamo exhibited by 
M^gy, Echeverria & Bazau (French section, silver medal), is that 
there is considerable space between the poles pieces, it being greater 
than that part of the armature covered by the pole pieces ; the coils 
on the Gramme armature, which are thereby rendered inactive, are 
short circuited by two brushes connected together, taking the place 
of the usual single brush for each pole. It is claimed that thereby 
the sparking is reduced, because the current is not reversed in the 
separate coils as abruptly as usual, which is one of the chief causes 
of sparking. 

This idea is not new, however. It was used here many years ago. 
It is a question whether the increased amount of wire and the in- 
creased size of the whole machine justify this advantage. 

Another feature which appears to be meeting with favor is that, 
besides the usual field-magnet poles, there is a small series- wound 
magnet resembling an additional field magnet, its pole pieces being 
placed a short dista,nce bej^'ond those of the large magnets and hav- 
ing opposite polarity to these. The intention is that the neutral 
point on the armature should thereby be fixed very definitely in its 
position for all different loads, so that the brushes do not need to be 
moved when the load changes. 

This machine was one of those used to operate one of the two trav- 
eling cranes used in Machinery Hall. 

Deprez. — The Deprez dynamo exhibited by the Soci^tf^ Anonyme 
pour la Transmission de la Force par TElectricit^ (French section), 
is characterized by its having two Gramme armatures on the same 
shaft, with the pulley in the middle, between the two magnets. The 
field magnets are composed of two horizontal magnets j>arallel to 
the shaft, each one terminating at each end in a pole piece ; or it 
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might be said that the second armature was put in that part of the 
field which is usually a yoke piece. 

By this arrangement each line of force is cut four times by the 
armature wires, instead of twice, as usual. It is claimed that thereby 
a greater output is obtained ; it is a question, however, whether the 
additional complication is worth this possible slight gain. There is 
another claim made that a higher potential may be more readily ob- 
tained by two armatures in series than by one, on account of the 
current breaking through. This would be the case in cylinder 
armatures, but not in Gramme, as the danger in these is not between 
the wires, but between the wires and the frame. Unless the two 
frames of the armatures were insulated from each other this claim^ 
is hardly substantiated. It has the great disadvantage of a very 
long shaft and that the belt can not be removed without cutting it. 

Gramme. — The chief features of the Gramme dynamos exhibited 
by the Soci^t(5 Gramme and the Companie Electrique are their sim- 
plicitj' and rigidity. The frames are all of the " type superieur," by 
which is meant a simple horseshoe magnet like the Edison, but 
having the armature at the top instead of at the bottom. They are 
neatly made and exceedingly simple in construction. 

One of the most interesting portions of the exhibit of the Socidt^ 
Gramme was the historical exhibit of the Gramme dynamos, showing 
the different forms which have been built, from some of the very 
earliest, and representing the development of the present form. 

Sautter-Lemoiinier, — The dynamos exhibited by Sautter-Lemonnier 
(French section) are chiefly of the Manchester type with Gramme 
ring, for use principally with their search-light projectors and light- 
house lights, for which they have a world-wide reputation. 

They exhibited also a very small dynamo coupled directly to a tur- 
bine steam-engine of exceedingly high speed, for use chiefly on ship8. 
The whole engine and dynamo are exceedingly small and run very 
smoothly ; notwithstanding the comparatively great consumption of 
steam, they appear to be meeting with favor for special cases, for 
which they have undoubted advantages, as they are portable and 
require practically no foundation. The following figures of these 
may be of interest. There are eight sizes Imilt ; for No. 2, next to 
the smallest, some of the figures are as follows : 70 volts 30 ampferes, 
or 2.1 kilowatts ; 8,500 revolutions; linear speed, 138 feet per second ; 
induction, 0.85 volts per foot of total length of wire, which maj'- be 
equal to a]x)ut 1.5 volts per foot of active wire ; this is not particu- 
larly high, considering the exceedingly high linear velocity, which 
is about three times the usual velocity in small dynamos. 

The total weight of engine and dynamo together is only 550 pounds, 
giving tlie exceedingly high figure of 3.8 watts per ])oundof engine 
and dynamo together, which is better than that <)])tained in some dy- 
namos alone without engine. The electrical efficiency is given as 88 
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rent ami thu rnnmiprcial iJil iici" cent. It is eiato*! 1o rociuiro 180 
■J()(l poiHiila iif ett'Hin per olecti-icul horso-ijower ; for the largr-r 
ftbout iiidf Uibt coii.iumptio!!, Sizo No, 8 is made for 4(»0 am- 
and 80 volts, tho linear velocity in which is uluinst 5}5(i ft^et [it-r 
md. or almost -i inilps a miniitp! 
\Sivguet, — The firm of Bt-eguft (French section) oxhihited quite a 
iber of (liffortmt varictii-M of dyuamos, liesiyiiwl for ditferonl. 
ihiefly for ship lighting. With the exct>ption of tho 
iroziers matdiine. descriheil nbuvo. their dynamos have apjiarontly 
features differing materially from the usual fornifl. Thoy iiso 
Gramme ring armature, with frames of varinur* well-known 
One of their tyiies is the old original Gramme form of 
ime, bvit it appear.t that this is used only for small outputs. One 
their spoeialties sei'ius to Iw smull vertical high-speed engines ul 
ipact form, coupled directly with tho dynamo, chiefly for shiji 
rhting, and adopted hy the French naval depai-tment. 
' ieper. — In the Pie|ier dynamo (Belgian section, gold mi.><lal) the 
nature core is made of iron wire instead of plates, as in the ohler 
mmi» rings. It is rusteil and tlien coated with shellac Ixjfuru it 
wound. The form of ore i.f like that of a Gramme ring, hut the 
indings are only on the <mtsirle surface and are on tho drum sys- 

the machine having four radial [mjIcs. 
The arraaturewire in made of han- copper harsof rectangular sec- 
„ with air insulation, whicli acta also as a ventilator, as the core 
this case can uot lie ventilateil as in those made of disks. Tlieso 
are connected at their ends liy copper strijm bent somewhat 
like a bracket, thus: — — , the middle of which is connected to the 
commutator. These pieces are all the same size andKhaiie, and cross 
one another in such away as to make very short and quite regular 
and symmetrical " heads" to the armature. It greatly siniplitie» 
the winding and makes it almost impossible to make an error in 
the winding or connections. The objection is that these end pieces 
"* ■* l>e soldered to the bars, which pi-esents dil1ti:nlties, as 

nn» apt to ficcur at these points, which burn out the ar- 

'itrich. — The Zurich machine exhibited by the Soci(5t*i dea Tfli-- 
i de Znrich (Swiss section, silver meilal). and shown in the ail- 
liung illustration (Fig, a), was, besides the Lahmeyer, the only 
snamn constructed on the "ironclad " principle, which appears to 
pre been invented, as applied to bipolar raachinfw. a few years ago 
faoet simultaneously by tliroe different inventors, Wenstrom, Her- 
', and Lahmeyer. in .Sweden, United 8tatea, and Germany, rospec- 
Bly. 

1 this fonn tho relative jKJsition of the coil and its iron core are 

id. the iron surrounding the coil ; this ia really the most ra- 

1 fonn for a magnet, as all the linen of force have u complete 
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circuit of iron, Iiistvnd of partly nf ftir, wliicli is nlitiDst thu hi^liest 
rii.s i sting Ixjily fur Hiiesnf force. 

TlifTO is no extornal magnetism in HUoh machines, and tlicy are 
for tbis reason itsjicciolly a[)]>licahle for places sncii as on ships or ou 
tram cars, where sutih exttfrnal nmgiietistn is vory otijwtininihU* — In 
the iormpr oh nocounl of tho compfiss and in tliu hitter on account 
of the pfFiwt oil tho watches of passengers. 

Tliey are at best, liowever. hi-avy, hut have the advantitK<i of 
heing very comi)acl and solid. 

Their external appearance, as will he seen from the illnstrationt 
in that of an iron box, nothing being visible except thu i^nds tif the 
bearings and the commutator. The armature is lliereforo wtU pttK 
lectfid and at the same *ime reailily accessible. 




Jaspar. — The Jaspar machine (Belgian section, gold modal) has 
changed very little from the origiuul type, Itj* cliaraf^ii-ristic, fea- ] 
ture is a Qramme armature of great length as comjiart-d to its dliuu- 
cliT, resembling in its pi-oportioiw a drum armature. It in j)robal>ly I 
the ordy Orammo armature made with such proportions. There in 
only one layer on the arnmtur>', and the number of coils is compam- 
lively great. The chief ohtim for it is iheaimess. For greater oufc- . 
puts he uses an octagonal frame in one piece, baviiig four rai" 
magnets, whose ends form the pfjlo piecL-s. 

A characteristic feature is a set of three large, bare, cojiper p 
fixed to the fi'anie near the brashes and concentric with the n 
These mrvv tut universal eonneetors with which all conneottoml 
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ireau the four raagnete, tlie eight paira of liriishoa, ami lhi> machine 

ninnln uro made. 
' Ihtlnit. — The Dulait flyiiamo, exhihitwl liy the Soci^tf- Anonyrae 
kloctricit^^ el. Hyiraiiliqiie (Belgian section, gold mednl), is in aiipuar- 
tacf-' almost identical with the Vioturia-Brush or the Schuckert- 

[ordey inaohino. It has four poles and is cumponnd wound. The 
^vantage nf this typf! of uiftchincs Is the great diameter of the 

tnature, and the coiiaequont great inductor speed with relatively 
V apet'd "f revolution. It haa the clisadvantago of this tyi>e that 
fcis very difficult to take out the armatarc) should auything happen 
'>it. 

I Menrion. — The Henrion dynamo (French section, gold medal), 
Bown in the adjoining illustration (Fig. 3), ia a slight modification 

l th« well known Sehuckert type. The four hurizoulal magnets, 
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lfit«ad of being in a vei-ticul jtlaMS as in liio 8i'hin;kert i'ijrni, are in 

) inclined plane, so as to enable the armature with its shaft to he 

[Tted out quite readily, the iriahility to do this heing the chief fault 

' lliu Sehuckert form. This dynamo was the only French one 

libited for high-tension constant current for arc lamps in aeries. 

iSperry. — In the Sperry dynamo (United States section, silver 

dal) the Gramme armature is held at one of its ends, leaving the 

Ifiide free for ailditional pole jiieces. The ix)le pieces are split sonie- 

latlike a tuning fork, in the slot of which the armature m-ivcs, 

9 that almost the whole length of the armature wire [(asses through 

be field, instead of only the outside portion as is usual. By this 

B it is claimed that the induction is increased. This may be so 

h aornf' extent, as the resistance of tho magnetic circuit is tliereby 

jiSxhed. A go<jd illustration of tlic machino will he found in 

e Eleclrical World, June 15, issa. 



44 UNIVERSAL EXPOSITION OF 1889 AT PARIS. 

Ferret. — In the Perret motor for very small powers (United States 
section, silver medal), the field magnets of the horseshoe type were 
made of links of punched wrought iron, jointed together by pins, so 
as to form two joints at the end of the yoke piece. The chief object 
of this appears to be that the whole magnet may be straightened out 
to form a straight bar, which can be put into the lathe to wind the 
coils on to it. It would seem, however, that this saves merelv the 
work of winding the coils on spools, whicli are then slipped^over the 
cores. The drum armatures, of only 2 inches in diameter, having 11 
coils, and wound for 110 volts, are exceedingly neat examples of arma- 
ture winding. 

Postel-Vinay. — In the Postel-Vinay dynamo (French section) the 
magnets are made of cast steel in preference to cast iron, as it is 
claimed that the former has better magnetic qualities than the latter. 

Gerard, — The Gerard machine (French section) is of some interest, 
owing to its great simplicity and cheapness. It has four radial mag- 
nets like many others, but the armature consists simply of four 
similar magnets, only smaller, and joined at the shaft forming a sort 
of double Siemens H armature : the alternating current produced is 
redressed at the four-part commutator. They are chiefly for small 
outputs. 

Contades. — In the Gramme armature of the Contades dynamo 
(French section, honorable mention) the coils are wound separately 
on links which are afterwards secured by pins, forming the round 
Gramme ring : but its application was limited to quite small ma- 
chines. 

ALTERNATING-CURRENT DYNAMOS. 

General, — The exhibits of alternating-current dynamos were very 
few, and of these there were only a very few of interest. Most of 
those exhibited were of the older well-known types. It is to be re- 
gretted that there were so few exhibits, as the subject is of much 
more importance than would appear from the few exhibits. 

Thomson-Houston, — Among the most interesting features in this 
branch were some of the novel points in the Thomson-Houston 
(United States section) alternating-current machines. One of these 
is compound wound or ''composite,'' as the makers term it, in order 
to maintain a constant potential. The connections are showm in the 
adjoining cut, Fig. 4. The machine has ten radial field magnets, 
which are wound with a coarse and a fine winding. The armature 
coils are wound flat on the cylindrical surface of the armature. 

The fine- wire field coils, corresponding to the shunt coils of an ordi- 
nary compound-wound machine, are excited by a separate machine as 
shown ; the coarse-wire coils are connected in the main circuit as 
series coils. This is accomplished by the following device : One end 
of the armature coils is connected directly to line by the sliding col- 
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f shown : the oilier euil leaJa to a coramntator or redresser 
uumeroiis inaulated bars, the alternate ones of which are 
ted together, whereby the alternating current is reUr<?8seii. 
as sho\vTi. around the magni'ts. juid back to Ihe other brush of 
umutator, where it is again commutnl into nn .'ilternaliug- 




and thence it passes to the line through the other collecting 
t)y this means the current is redressed in that portion of its 
louly which {>asses around the field magnets. 
Qnt coil of (Jerman silver, having somt; self-iniiuctifm, ia con- 
to the redressing brushes as shown ; by adjusting this the 
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proportion of the series excitation, and therefore the characteristic, 
may be varied for each particular installation. This coil also acts to 
diminish the sparking. 

An interesting feature of this is that notwithstanding the great 
current which is redressed there is almost absolutely no sparking at 
the redressing commutator. This is partly due to the fact that the 
difference of potential at this redresser is very small. In another 
machine this same redresser is used to make the machine self -excit- 
ing. The current from a few separate and independent coils on the 
armature is thus redressed and is used to excite the field. 

Thomson alternating-curreiit vfwtors, — In the personal exhibit of 
Prof. Elihu Thomson were shown some experimental motors of in- 
terest on account of their radical difference from all others in their 
action. They have been described in the journals in connection with 
his other recent researches, and are therefore probably well known 
to those particularly interested. 

The principle is briefly as follows: When running normally the 
armature is short-circuited and has no connection with the circuit; 
the current in the armature coils is generated by the induction from 
the field coils as in a transformer, but owing to the retarding effect 
of this induction the repulsions between the armature and the field 
coils, or secordary and primary as they may be called in this case, 
are greater than the attractions, and there is therefore a continual re- 
pulsion between the two, which rotates the armature. 

In order to arrive at the conditions for producing this induction 
at the right moment the motor must first be started. This is done by 
an auxiliary commutator and brushes, by means of which the motor 
is first connected as an ordinary continuous-current motor, even 
though the current is alternating. As soon as the proper speed is 
reached, which is determined by the unison of the two musical notes 
heard, or by an automatic governor, the armature is disconnects 
from the main circuit and is short-circuited. 

This motor is only an experimental one; in the present form it 
could not be used in practice. One great and fatal objection is that 
if the speed is reduced oven only slightly by overloading there will 
no longer be the required synchronism and the motor will stop com- 
pletely. 

Ferranti, — There was a Ferranti machine exhibited by the Soci^t^ 
I'Eclairage Electrique, but it presents few points of novelty except 
in details. One of its features was that half of the machine could 
readily be slid off to one side to enable it to be cleaned and dusted 
around the internal parts. This cleaning had to be done once every 
day. The oiling was continuous by means of pipes from an elevated 
reservoir into which the drains were pumped continuously. The 
machine was for 175 horse power, giving 2,400 volts and making 500 
revolutions. There were 20 poles, and the mean radius of the arma- 
ture was about 43 inches. 
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Heissler. — The peculiarities of the Heissler alternating-current 
machine (United States section, gold medal) are that the field mag- 
nets rotate like in the Gramme alternating-current machine, and the 
coils in which current is induced are fixed and are connected in se- 
ries in two groups whose coils alternate. By this alternation and 
division into two groups it is claimed that better induction is ob- 
tained than if they were all connected together as one. These two 
groups feed two different and independent circuits. 

J/aiV*?i€.— The. small alternating-current magneto exhibited by 
Louis Maiche (French section) was interesting as an oddity, as it has 
neither brushes, collector, nor moving wire. It is not the only one 
having these features, as the Klemenko (Russian) dynamo exhibited 
as a commercial machine iu Vienna Exhibition in 1883 was of a 
similar nature, though the construction was different. 

The coil in which the current is induced is fixed to the field mag- 
nets; the revolving armature consists of a piece of iron having pro- 
jections on its surface which come close to the field-magnet poles and 
into which the lines of force pass. These projections are so spaced 
that the lines are drawn alternately into one and then into the other, 
aiid in thus changing their position they cut the the coil, thereby in- 
ducing a current. The relative output is probably quite small. 

The brushes for an alternating-current machine present so few ob- 
jections that it does not seem advisable to get rid of them at the cost 
of greatly increasing the size of the machine. 

DYNAMO ACCESSORIES. 

Oauze brushes. — In a very large proportion of the dynamos exhib- 
ited the brushes used were made of wire gauze in place of the usual 
foil. They appear to be very satisfactory and are coming into use 
very largely. They are made of a very finely woven-wire netting 
or gauze of soft copper, somewhat like that used in i)aper-making. 
They consist of a number of layers of this gauze over one another 
and bound together by a wrapping or covering of the same material. 
They are soft and pliable, and do not '*sing'' or *' scream" like the 
hard, elastic foil brushes. They can very readily be made for any 
current capacity by the attendant of a dynamo himself. None of 
them were noticed on any American dynamos. 

Carbon brushes, — Another style of brush which is coming into 
use largely, but which was noticed only on the motors for cars in 
the United States section, is simply a slab of carbon, held so as to 
l>e almost or quite perpendicular to the surface of the comutator. 
The chief o})ject of their application in this case was probably that 
the motor can turn in any direction, and that any wear will not 
cliange their position, as in the tangential brush. The objection to 
them appears to be that thry are apt to *' scream" or **cry," but it 
is claimed that if the commutator is quite smooth they will move 
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quietly and will not wear the commutator unevenly, so as to cause 
"screaming." The idea is not new, but it does not appear to have 
come into use until quite recently. 

Brush accessories. — In one of the dynamos the copper brushes were 
split at the holder end, so as to leave room for the clamping bolt. 
This device greatly simplifies the brush-holders. The well-known 
device of shunting the brush holder, by a flexible wire attached to 
the brush clamp and to the pin on which the holder turns, is being 
used by quite a number of makers. The object is to ''take the heat 
out of the holder," or, in other words, to reduce the resistance, which 
sometimes becomes very high, at the sliding contact of the pin on 
which the holder turns, and which sometimes diverts the current so 
that it passes through the springs, thereby heating them and draw^- 
ing their temper. Another old device, which is being adopted 
largely, is a fixed guide attached to the holder to mark the exact 
length to which the brushes should project from their holder. 
Another device for the same object, though not as good, is to mark 
two diametrically opposite points on the commutator, by which the 
brushes are adjusted before starting. 

Brush-holders. — In the Alioth dynamo there was a very ingenious 
brush-holder of simple and rational construction. Besides its sim- 
plicity and cheapness, it has the advantage of avoiding entirely 
all sliding contact at the pivot, which contact is so often the cause 
of trouble. It consists of a straight flat spring, composed of a large 
number of thin sheets of spring copper, resembling the ordinary 
foil brushes. One end of this is securely clamped to the usual rod 
on the rocker: the other end is soldered to a clamp which holds the 
])rush proper. There is therefore no loose or sliding contact in any 
part, while at the same time the brush is held with all necessary 
elasticity. The brush itself is almost perpendicular to this flat 
spring, the object being that when the pressure is being adjusted at 
the fixed end of the spring the end of the brush remains in the same 
position on the commutator. Similar brush-holders, diflfering only 
in detail, were noticed on the Belfort and on the Henrion dynamos. 

Driving-gear. — Some of the Gramme machines exhibited were 
driven ])y friction pulleys of paper disks clamped together. There 
was one on each end of the shaft, and they rolled directly on the 
surface of two large cast-iron pulleys. The pulleys had a 9-inch 
fac^e, and each transmitted about 8 horse power at a surface speed 
of 15 feet per second. They were only slightly warm after running. 
Breguet exhibited a Raflfard coupling for connecting the shaft of 
the dynamo direct to that of the engine for direct driving. It is 
flexible and elastic, the transmission taking place through the me- 
dium of rubber bands. 

Another coupling for direct driving was exhibited by Weibel, 
Briquet et Cie (Swiss section), the object of which was to double the 
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i of tho shaft, wliicli was dnvMi. Tbis wiis accomplislie<l liy 
nf n ]jeciilar link and crank ruuvemeiit cuntHintxHn the uoxip- 
;, a (leafrijition of which will be fonnrl in "Enginei-r," tjOiKiiin, 
Wy 10, ISS!), p. 4S. 

I Df/namonuitT. — Some of the dyiianios ami motors of Deprez wero 
rratigL'd ti> nteasun? ami record the work whitih they were consum- 
Tho field magnuts mx> suppnrted and balanced bo as to be able 
b turn easily throtigh a small angle anmnd the shaft as a center, 
" p turning force being the magnetic force at the Biirface of the ar- 
wturo. This deflection is made to move a small fricrtion roller 
rom the Center towaiii the circumference of a revolving disk per- 
kndicular to it.. Tliia disk is revolved by the dynamo shaft and 
rivea the friction roller with a griater or less velocity, aiicnrding 
p the latter has been moved a greater or loss distance from the cen- 
; as that displwrement is proportional to the deflection of the 
^netj*. the number of revolutions of this roller recordml "a a 
buDtcr will be projxjrtional to the product of the number of revo- 
ttious of the dynamo and the force at the periphery of the arma- 
pre, and will therefore measure the work. 

I Beferences. — For reguiatfjrs and other ivccessories to systems, see 
^accesdories. " 

TRANSFORMERS. 

L Qetufral. — The system of distributing electricity by means of high- 

ision alternating currents, and converting these into quantity cur- 

8 by induction in transformers, was suggested and even patented 

Knumber of years ago, but it was not developed into a practical and 

pccesafol commercial system until within the last few years, and it 

lay therefore be classed among the more recent developments in the 

tstribution of electricity. It was exhibited the fii-st time at the 

Jienna Electrical Exhibition in 1HB3. by Gaulard & Qibbs. but 

■though itattract«i| much attention there the system does not seem 

p have given very satisfactory results until a number of years later. 

ten it was developed independently in Austria, the United States, 

nd England, into asuceessful commercial system, and it may now be 

1 among the most important of the recent developments. The 

ilied system of transforming continuous currents, though older, 

Ws not appear to have developed into an important system. 

^Exh^ifs. — There were so few exhibits of transformers tbutit may 

1 said that in this branch the exhibition did not represent the 

ait state of the art. The Thorn son- Houston multifile arc dis- 

[hution and the Jablochkoff candle series distribution were the only 

»<» commercial systems exhibitoti in operation. It is to be regrot- 

l that this should have been the case, as it would have added 

iatly to the interests of the exhibition to have had this new sys- 

n more widely represented. 

H. Ex. 410— VOL IV -t 
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Mr. Louis Maiclie, an exhibitor in the French section, claims that 
the j)rinciple of tliis system of transmitting electricity of high ten- 
sion and converting it by means of transformers into low tension at 
tlie place of consumption, was patented by him as early as Septem- 
ber 15, 1880, and that his patent was sustained by a decision in the 
United States patent office. 

The Tliomson compensating system, exhibited by the Thomson- 
Houston Company, although somewhat similar in its object and 
apparatus, is not properly a transformer system, and is therefore 
described under another heading. (See *' Systems of transmission 
and distribution.") 

As usual with newly developed systems, it was not possible to 
obtain from the exhibitors figures and data regarding transformers. 
The following detailed descriptions must therefore be limited to a 
mere mention of the exhibits. 

Alternating cuj-rent transformer. — The Thomson-Houston Com- 
pany had a few transformers in daily use. They were made of a pile 
of sheet iron plates having retangular holes for the coil and an open- 
ing through which the coil was introduced; this opening was then 
closed ]>y a tightly fitting wedge-shaped plug, also laminated. There 
were two styles of plates exhibited, one formed like the letter H and 
the other like the letter £• In the first the coil must be wound on to 
the pile of plates and can not be removed without unwinding. The 
plugs are introduced at the top and bottom. In the second form the 
coil is wound separately and then placed into the pile of plates from 
the side. This is the new form which seems to be preferred. The 
coil can readily be removed for inspection or repairing. In both 
forms the magnetic circuit is completely of iron, and each line of 
force traverses two joints in the iron. No data regarding the dimen- 
sions, weights, or capacities could be obtained. The same forms of 
plates were used for their self-induction or compensating coils in 
their compensating system, which see under that heading. (See 
"Systems"). 

Constant alternating cnrrent transformer, — In the personal exhibit 
of Prof. Thomson was shown an interesting transformer in which 
the secondary circuit would generate an alternating current of 
constant quantity — tliat is, of a fixed number of amj>eres — for 
variable resistances in the external circuit, the primary circuit being 
connected to the usual constant potential mains. Usually the 
secondary current has a constant potential instead of a constant cur- 
rent strength. The principle of this transformer is that a i)ort'ion 
of the magnetic circuit is an air space, whi(;h acts as a great mag- 
netic resistance. This gives the transformer a characteristic curve 
for volts and amperes in the secondary, which is practically a 
straight line })etween certain limits, between which the current will, 
therefore, not vary very much for different external resistances. It 
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li shown in '>|icnUiciii with n coiistaut, alternating current are lamp 
f aliDUt 'lO voltH in the secondary, the priraarj' being oonnec'teil to 
l,lHH)-volt multiple arc rJrcmt. 

Jablochkiiff candle triinsfomiers. — In tho system of distriliution 
1 at present for the Jablochkoff candles, there is a transformei- 
ith each lamp c^uutaining a number iif candlos. These transformers 
B all in series. The several candles in each lump are all in multi- 
iPC on the secondary circuit of a transformer, bnt their resistance 
1 not lit is BO very high that practically all the current passes 
■ougb the one which is bnrning; when this is consumed it cuts 
lelf out by molting a fuse ; the potential in the secondary circuit 
len increases saflicit-mly to light one of the remaining ones, and so 
1 nntil all are consumed. 

C'lmiin umta current Irannformers, — The apparatus exhibited by the 
Popp Company (French section, silver medal), called an "■onduleur" 
(un<luhvtor), i-s for enabling an ordinary transformer to be used on a 
lOntinuous-current series circuit. It consists essentially- of a com- 
mutator, which rapidly reverses the high-tension continuous current, 
laking it an alternating current, which then passes through any 
ittnvenifint transformer, where it is converted into oneuf low tension, 
[ The main feature is that the current is changed in direction very 
dually; hence the name "undulator." The actual commutation 
) place at the moment when the apparatus is short-circuited. 
3 is accomplished by a rapidly revolving cylindrical commutator, 
iiich makes the following series of connections: The line cun-ent 
3 through the transformer and a resistance in multiple arc with 
K this resbitance is arranged in a succession of steps, in series, each 
pnnected by brushes to this commutator: the commutator, in re- 
viving, brings one after the other of these resistances into circuit, 
ild finally opens that branch, when the whole current goes through 
B transformer; it then jmts them into circuit again and reduces 
sir number, step by step, until this resistance, and therefore also 
B transformer, are short-circuited, at which moment the commu- 
r reverses the current. 

es of connections is repeated in very rapid succession. It 
I be seen that the alternating current is thereby made to vary 
tdnally and the sparking is very greatly reduced. There are 
Hways two such commutatoi-s. with tbeir transformers, at one sta- 
tion, tho two commntators l>eing connected to the same revolving 
Hliilft, but in opposite pba-ses. The object of this is that the two 
Tr ttves of the primary current balance each other, so as not to affect 
t of the main line or the dynamo. The commutator, which 
; necessarily revolve very rapidly, was turned by a small com- 
(d-air motor, supplied from the compresseil-air mains of this 
. which are laid by them for general jMiwer distribution in 
g of the city of Paris. Tho economy of thia system of trans- 
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formers cannot be very great, and its application is necessarily lim- 
ited. 

The Gramme Company exhibited a continuous-current trans* 
former in the form of a dynamo with a double winding on its arma- 
ture, one part of which was for driving it as a motor from the high- 
tension current and the other was the generator for the low-tension 
current. It was said to be exhibited only as a historical model, the 
device being comparatively old and little used. 

ARC LAMPS. 

Historical, — In the Centennial Exhibition of 1876, held in Phila- 
delphia, there were among the exhibits from France, in Machinery 
Hall, a few arc lamps run from dynamos. They were exhibited not 
as a curiosity, but as a commercial system of lighting. This was 
the first exhibit of the commercial arc lamp at a large international 
exhibition, and it was probably the first introduction into AmericBr 
of the ard light as a means of subdivided light. Although indi- 
vidual arc lights may have existed here before that time, yet they 
were more in the nature of experiments, and can not be said to have 
been commercial lamps. 

The arc lamp had been introduced in France in the winter of 
1874 and 1875 in permanent installations for lighting shops and fac- 
tories. Prior to this the only use seems to have been for single large 
lights for light-houses and similar purposes, which use is said to date 
back fifteen years prior to that. This French exhibit at the Cen- 
tennial at Philadelphia seems to have been a seed sown on good soil^ 
as a year or two later several inventors, like Brush, Thomson, Hous- 
ton, and others, began electric arc lighting on a commercial scale. 
This was followed by great developments and very rapid progress^ 
until at the present time arc lighting forms one of the large indus- 
tries of the United States. After the very rapid developments of 
the first few years, progress in the arc lamp itself had been slow, but 
not unimportant. The chief developments were in the systems of 
distribution rather than in the lamps themselves. 

At the electrical exhibitions of Vienna in 1883 and in Philadel- 
phia in 1884 arc lamps were already well developed, and but little 
improvement has been made since. It was from the beginning of 
its general introduction, and is still at this time, probably the most 
efficient means of converting energy into light, though not necessarily 
the cheapest. Notwithstanding that it is a great waste of the energy 
of oil and coal gas to burn it for lighting, yet these are still im- 
portant competitors of the more economical arc light, in several 
features. 

In general, the direction of development of the arc lamps as shown 
by the exhibition is different in the Continental countries from that 
in the United States. In these countries the usual method of dig- 
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trilmtinn of arc lamps ia in multiple are oq constant potential eir- 
uita. tilt? series distribiitioii being quite rare; in the United States, 
I the olher Imiid, it \a quite the reverse, the former system being a 
)at exception. This Jiaa led to a different direction of develop- 
uent of the mechanism of arc lamps abroad, as also to a much 
wider range of brightness, 

ir.s tiinip.i. — In a series system, such as is used in the Unitetl 
ptat4.>». the current is constant throughout the whole circuit; as the 
lotential of all an^ lamps is nearly the same, and cau not be varie<l 
[> advantage, it foUowa that all the lamps in a circuit are of about the 
lame candle power; furthermore, aa one and the same current flows 
x>ugh them all, it makes all the lamps more or lees dependent on 
ich one. A lamp which cnuld open the circuit would be fatal to 
luch a system. Snch a circuit is not easily broken while running, 
without total destruction of the parts where the break occui-s, and 
lonsequeiit groat fire risk on account of the persistence of the arc 
nrhich forms at the break. 

These conditions led to constructions of lamps in which such 

ihings can not occur, including safety devices and automatic cut- 

Auts to prevent accidents, devices which are scarcely to be found in 

fforeign arc lamps. In a series system it is the potential which varies 

s the carbons burn away, and which is therefore used as a means 

jot effecting the regulation. The shunt coil is therefore the important 

©ue; the series coil, being traversed by a constant current, may there- 

Kore be. and in many lamps is, replaced by a spring or weight. 

Mtiltiple arr lajnpn. — In the multiple arc distribution many of 

) conditions are reversed or different. In such a system it is 

fthe potential which is constant and it is the current which will 

■■vary as tlie carlions burn away. The series coil is therefore the 

nost important one fi>r effecting the regulation, while the shunt 

soil could theoretically be replaced by a spring or weight. The 

lamps are independent of one another; no persistent arc will form if 

ihe circuit is opened; therefore no safety devices and cut-outs are 

(quired. As the current for each lamp is not necessarily the same, 

pt has led to the development of arc lamps of small as well as very 

lat candle power on the same circuits, requiring as little as two 

ly as fifty amperes, making a much more tioxible system, 

which also has the advantage that arc lamps can he pot on the 

[ordinary incandescent system without the special independent 

ino required in the series system. 

It appears, however, that in practice arc lamps can not be run 

3tly in multiple arc: such a distribution is found to require a 

Qead resistnuce to lie placed in series with each lamp; this i-esistance 

rapresents not only nu additional piece of apparatus but a constant 

knd considerable waste of jjower. which in general is about 20 per 

at of the total power used, and in many cases as high as 30 per 
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cent. Thf system is therefore very faulty in this rpspeot. T)ii8 «x- 
temal dead resistance appears tu be nsed not only to prevent the 
great rusli of ciirreut Bhoald the carbous toueh. as at starting, bat 
it appears to be essential in some systems to effect a regulation, 
because Jn some lamps this regulation is effected by a tdtunt coil, 
■which would be useless, becaiiso it would represent a constant I'oroe, 
were it not for this dead resistance. Tho I't'gulatioii is in bucIl 
lamps dependent on the variation of the loss of ix>tential in tlua 
dead resistance caused by variations of the current in the arc, for if 
this dead resistance were zero there would be no change of pottintoal 
at the poles of the lamp even if the current in tlie arc varied very 
greatly. This external resistance must therefore be oonstderable ia 
order to enable the regulation to be effected by virtue of its resist- 
ance, 

Feeding of tfie enrhons. — Another feature which a multiple arc 
distribution seems to develop ia that the feeding of the carbons mast 
be a very gradual one and the regulation must be very sensitive, aa 
a very slight change of the length of the arc makes a very appreci- 
able change in the current, and therefore in the candle power. Th« 
foreign lamps ai-o therefore essentially different from ours in thiit 
the regulation is a much more sensitive one, and consequently the 
light is very much steadier. Hiasiug and flickering, so common in 
our lamps, is the exception with these. The " drop " principle, which 
is the one almost universally used here, in which the carbon drops 
down suddenly during certain stages of the regulation, would bft 
almost fatal to a multiple arc system. At the same time the foreign 
lamps are in many cases far simpler in their construction, even 
though the regulation is a much better one. This is to some extent 
due to the several safety devices which are necessitated by the series 
system and which are not necessary in the multiple arc. 

In the usual system the arc lamps are either directly in multiple- 
arc in constant potential systems of 70 volts, or two in aeries in sys- 
tems of 110 volts. In the former the loss in the dead resistance jft 
about 25 volts and in the latter about 20 volts. 

One of the most frequently adopted principles of regulation of 
these lamps is that the carljon, in dest^ending, by its own weight 
turns a multiplying system of gearing, the rapidly moving escape- 
ment of which is controlled by a brake which is operated by thft 
magnet, usually series wound. The descent of the carbon mfty 
therefore be made very gradual and i-egular. Another principle 
frequently used is to force the carbon down, so as t^j make the Action. 
independent of any weights or friction. Make-und-break niovemtmto 
ami small electric motors were also used in a number of lamps. The 
Jablochkoff candle still holds a prominent place, but apparently of 
diminishing imjiortance. It still remains one of the leaiting of th4 
very few alternating-current lamps. 
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Jfcur /wr/HJ*. — Although new departures from the iieual arc lamps 
o fttttmiplod coiitimially, there were none of impiirtaitce exhibited 
JHpt tho iiew Piopci" lamp, which, being really an incandescent 
tap, it) described under thnt lieadiiig. 

I carbous, — Cored Civrbnns are almost iiniverfsally used for 
B tipper or poflitive pole and plain ones for the luwer. This also 
a of the reasons why the lamps bum more steadily. They are 
Bly very little more expensive than the plain. (See "CarlH)n.«.'* 
bder "General supplies.") 

^^rirui/i liyhfu. — One of tho interesting features of arc lighting ex- 
l was tho mori' extended introduction of lamps nf compara- 
nrely small candle power, requiring as little as three and even two 
pp^res. They may bo used to advantage to replace the large in- 
indescent lamps. 

ffusion. — In a number of lamps both carbons are moved, tho 
, therefore, remaining in the same iwsition, which enables very 
mall milk-white globes from to « iuchos in diatuRt^r to be used 
' small lights. This diffuses the light in such a way that the 
t it" a much more satisfactory and agreeable one, A lamp of that 
ind may be placed over a table, or in even a small room, without be- 
ing objectionable, and it does not hurt the eye to look directly at it. 
In another system the position of the carbons is reversed, so us to 
throw the light up against a reflector in order to diffuse it. It is 
claimed that when so diffused less light is required, because the pu- 
pil of the eye does not contract so much, nor are there such black 
' ladows. 
Exhibits by cnuntries. — The exhibits of arc lamps were very nu- 
iMHis. Though mostly from France, there were many and very 
id ones from England, United States, Belgium, Switzerland, and 
one from Germany. 

Cos(. —TIr' average cost of a giiod arc lamp abroad appi'ars to be 
ibout «40. 

IlETAlLED DESCRIPTION. 

L There were about as many lamps of totally different construction 
) were exhibitors of lamps, an arc lamp being one of those 
8 of apparattis of which it is very easy to invent a uew and dis- 
t meohanism. It would, therefore, be quite useless and unintor- 
t to give a detailed description here of more than one or two 
e better ones, with a short summary of the more interesting 
8 of some of the others. For complete descriptions the reader 
I referred to the journals and books in which most of them Iiave 
1 described. 

e. — The Cance lamp exhibited by the Soci^t^ Aiionyme 

A-ppareillageetd'EclairageElectriquu (French flection,gold medal), 

a new lamp, is of interest on account of its steadiness 
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ts wide range of candle power. The general priuoiple 
mechauism is shown in the adjoining cut, Fig. 5, 

It consists, in general, of ft long square 
threaded-screw V with vpry groat pitch, 
capable of turning easily, Themit A U at- 
tached to the upper carbon holder, whioli 
will descend slowly when this screw is al- 
lowed to turn : the screw is kept from tam- 
ing by the second nut in the piece BD, 
which nut can turn only when the friction 
of the pressure on it, exerted by the plcos 
BD, is released ; this is done by the iron 
cores F in the solenoids ; when the current 
in these solenoids decreases, the iron cores 
descend and relieve the upi>er nut, which 
can then turn and thereby allow the screw 
1 to turn aud tlie nut A to <lescend, feeding 
the carbons. The two carbon holders both 
move, being suspended by means of a com- 
mon cord over pulleys so that as the upper 
one moves down, the lower one tqovps up 
half as fast, thereby keeping the light ia 
one place. The force for bringing the car- 
bons together is produced by a wwight* 
! "ffir^TrHP which is pulled up by the act of putting 

new carbons into the lamp. As it is a mul- 
tiple aj'c lamp, the coUs are in series witii 
the arc, aud no shunt coils are necessury. 
The lamps are made for a number of (Itf- 
fereiit currents, from .3 to 50 amp&res. The 
light is particularly steady. As the arc re- 
mains in tlie same place, a very small whtto 
globe, only S to 8 inches in diameter (bm 
cut of Bardon lamp below), can be used, 
which gives a very neat appearance and a 
very pleasant diffused light. The very 
small lamps of 3 amperes are an importaat 
addition to arc lamps, as it enables such 
lamjjs to be used in many cases where tho 
usual large arc lamps would be objectioi^ 
able. 
Barthm. — The lamps of Bardon (French section, silver medftl}, 
shown in the following cut (Fig. 6), is intei'esting on account of itil 
gn.>at simplicity. It is one of the simplest arc lamps iu use. Ito<n- 
sists simply of a brake actuatet^l by a core in a solenoid, and pnnsmg 
lightly against the circumference of the large wheel seen at the top, 





ELECTRIonr. 57 

ich carriew a small pulley on its shaft, over which paasea the cord 

I which tliR carboiiH art) 8us|>eiideil ; the weight of the carhous 

tfids to turn this wheel and it can do so oiily when the brake has 

ton releiised by a diminution of the ourrent in the 

jleuoid. This regulation is snid to be so sensitive 

i gradual that the wheel is turning slowly all the 

Be; and an ampEremeter in circuit is said to remain 

pite steady ; the feeding of the carbons can not be 

»ticed l>y it. The lamp is, aa usual, for multiple 

J distribution, and has no shunt oil. The two 

Lrhon holders are, as in many other lamps, both 

iDvable, being suspended by a common cord over 

Ueya so that as the upper moves down thu lower 

loVBs up through half the distance. Thi« enables 

i©m to use very small globes, as shown. The arc 

_ I started by the whole wheel lieing raised by the 

brake, lifting up the upi;er carbon with it. The 

leads to the carbon holders arw m^o with flexible 

cords and there are no sliding parts which ueed at- 

^Klention and cleaning. 

^H J'iepiT. — In one (if the Pieper lamps (Belgian sec 

^H(on ; gold medal) the npper carbon is pushed down 

^^By s make and break vibrator actuated by a shunt 

^^bagnet. The spark produced at the make and break 

^^^ scarcely visible. In another of these lamps there 

is a very ingenious escapement to the clockwork 

mechanism which permits the revolving escapement 

fan (and thereby the carbon) to move slowly, only ; 

e escapement fan lias attached to it a small weight 

Uiich flies out and strikes against a stop when the i 

Irheel turns too fast : this makes the feeding very T 

liar and gradual. 
f Maqtiaire. — The Maquaire lamp (French section; 
iver medal for lamp alone) is interesting on account 
ifitsvery sensitive regulation and consequent steadi- 
It is entirely independent of weights, clock- 
nork, etc., and will run in any position. It is adopted 
Bid used by the French Kdison Company. The up- 
pjoorbon rod is actuated by a rack and pinion driven 
r a small electric motor. The lamp current passes 
Urongh the magnets ; the armature current is con- ^- u-B^ni'mmirc 
mtrolled by a contact piece resting normally be- "'' 

a two contacts by the combined and opposing action of a spring 

Btd a magnet in shunt to the arc ; when the arc is too short the 

ing predominates and closes one of these contacts and thereby 

fams the motor in one direction ; when the arc is tix) long, the 



5S 



I'NIVEBSAL ESI'OsmON OF 1S8D AT PARLS. 



inagnef preiiominates and closes the other contact which ttirns Uie 
motor iu thd other dii'ection. By niakiny the distance lietwtten tfiau 
two contacts very short, the re^^ili^tioii heromes very seneitlvi*. It 
is made for umltiplo arc or for series distribution. 

Thfi principle appears good, except that for multiple-arc distribn^ 
tioa it is not quite rational to actuate the lamp hy a shunt coil, be- 
cause this shunt coil should exert a constant pull or action, no inattur 
what current is in the lamp, as it is controlled hy a coitelant jiolea- 
tial circuit. In order to enable a shunt coil to he dependent ou the 
arc, there must be a resistance between the mains and the lamp, 
which means a waste. In other words, such a system requii-ea as iv 
necessary part of it a dead resistance in which energy is wnstwJ. 

Among the other claims are that the lamp is very sliiirt. They 
are usually run two in series on a 110-voIt circuit, requiring 8 nmp^Yve 
and 45 volts, leaving a waste of 20 volts, which at 8 amiMVes gives 
IGO watts per two lamps, or almost as much as 3 ordinary incandes* 
cent lamps; this feature is, however, common to the multipIe-*ro 
system and not to this lamp only, except that in this lamp it is eeson- 
tial for the regulation. Tlie ujiix-r carbon is cored, and is &v&- 
eighths of an inch in diameter and 7A inches long ; the lower is plain, 
seven- sixteenths of an inch in diameter and (! inches long ; they bam. 
eight hours. Tlie average price of tlio lamp is t40. 

Breijuet. — ^The Breguet "dynamo" lamp (French section) is per- 
haps the simplest in its principle though not in its construction. It 
consists merely of n small Gramme motor, with a small pinion on 
which gears the rack of the upper cart)on rod. Tliis constitutes Hm 
whole lamp; the weight of the rod tends to turn the motor and it» 
turning force is balantreil exactly by the tendency of the motor to 
turn in the op|)osite direction. The lamp is only for multiple-aro 
distribution. The motor is series-wound, but has also an auxiliary 
shunt win<ling. the abject of which is said to tie merely a damper to 
prevent too rapid a motion. 

Abiiilard. — In the Alxiilard lamp (French section) the upper car- 
bon rod is a long screw, the nut of which is turned by a make and 
break movement, whereby the rod is fed downward. It is therefore 
iudepondent of any weights or position, and the regulation ie by 
exceedingly small steps. The current is said not to vary more than 
one-tenth of an amp^re while it is regulating. 

Brown, — The Brown lamp exhibited by the Oerlikon Company 
(Swiss section) is also one of very simple construction. It coosistsy 
like a number of others, essentially of a brake which is applied to a 
large escapement wheel driven by the weight of the upper carbon. 
ThJH brake is in the form of a wedge which is controlled by Iwing' 
inside of a very large coil of the full diameter of the lamp oaM. 
This large coil is inlend<*d to act by virtue of its self-inductioQ U> 
prevent too sudden changes in the current, and is therefore to re- 
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> the nsmil exU'niul rusifitatica which is iihin).st iinivursal with 
c lamps when in multiple arc. ami which rupreseiils a great waste 
C mevgy. As there ia a loaa of 3 volts in this largy coil, it has coii- 
uerahle resistance liesides its sel f-iu<hictiou. A good illustration 
B(l u dt»vripti(iTi (if the lamp will ho found in rElectricien, June '4'i, 

Uenrion. — The Hanrioii Iftrnp (French section; gold medal) is one 

! the very few lamps exhibited which ure usually run in senes. 

pe himp itself is a slight modification only of the so-catled and 

^ll-hnown Pilscn lamp. Both hia serieB and his multiple-arc lamps 

B said to tie exactly the same (both being differential) except that 

B former have a ent-out which switches equivalent resistanceti in 

lit if thu lamp fails. Among the multiple-arc lumps there were 

a of as low as two amjiEres. of which he L-laims to obtain sis to 

Be horse power. It appeared to burn quite nicely. 

f Vrotnp/on. — Tho Crompton Ifiniii (English section ; gold medal) ia 

nothor Iiuup of exceedingly simple construction. It i.^ for series 

i«tributtoii and oft.L'n of as high as 25 amperes. It consists simply 

f a brako controlled by a differentially wound solenoid, and acting 

a a simple wheel escapement run by rack and pinion driven by the 

Ight of the upper carbon holder. They are used very largely m 

gland. 

I Tltomson-Housion. — The Thorn son -Houston lamp {United States 

SCtiou) differs from most others in ihat the carbons are at first sep- 

irftti^l; when the current is first Btart,oil the mechanism brings the 

H'hons together and separates them again to form the arc. The 

;uil is replaced by o spring, as the lamp is for series diatribu- 

i only, in which, therefore, the series coil can not l>e used to reg- 

[ate, as its action is constant, 

\Th(miao7i. — In the jiereonal exhibit of Elihu Thomson there was 

IDwn an alternating-current lamp, one of tlie very few exhibited. 

3te upper rod having a rack descends by its weight and drives a 

•ckwork mechanism ; the escapement of this is stopped or released 

1 lever having a massive copper disk situated between the two 

Ides of a shunt-wound alternating-current magnet. This copper 

Jfik is repelled by currents induced in it ; when the current in the 

punt magnet increases by the arc becoming too long this repulsion 

188 the escapement and allows the carbons to descend slowly. 

s connected to a peculiar transformer which maintained a con- 

ibnt current in the secondary circuit on being connected to a con- 

mt potential primary circuit (see transformers). 

jTablochkoff. — The Jablochkoff candle (French section) was the 

By other alternating-current arc lamp exhibited and one of the 

f few foreign arc lamps for series distribution. Formerly these 

inp8, consisting each of five candles, were run with as many wires, 

tt^t as each series of candles was burnt down the current was 
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switched on to another series until all five were burnt down. These 
multiple wires were objectionable and costly. Now they are run as 
follows : In the bottom of each lamp-post is a series transformer 
through which the constant current of the whole circuit passes. 
The secondary circuit of the transformer is connected to all the five 
candles in -multiple arc through small lead fuses at the bottom of 
each. At the top of each candle the two carbons are connected with 
a carbon cement of high resistance; the current at first passes 
through all of these in multiple arc and bums out the weakest one 
which lights that particular candle, the others remaining as they 
were; the current passing through the others contintwdly, and 
which is therefore wasted, is insignificantly small. As soon as that 
candle has burnt down to its holder, the heat of the arc melts the 
fuse at this point, which cuts out that lamp ; the current must then 
pass through the others, lighting the one of lowest resistance, and 
so on until all have been consumed. 

Sautter, Lemonnier & Co. — The arc lamps of Sautter, Lemonnier 
& Co. (French section), used for their well-known search-light pro- 
jectors, are all usually hand regulators, the carbon holders being 
moved simultaneously by being secured to two nuts on a common 
screw, one part of which has a right-hand thread and the other a 
left-hand one of double the pitch. The carbons in these are not 
directly opposite, as usual, but are slightly out of line so as to form 
the crater of the arc on one side of the positive carbon, in order that 
the full light of this crater shines directly onto the reflector without 
any obstructions. The arc for their large 60 centimeters reflector is 
said to be of 60,000 candles without the reflector. They find that the 
maximum light is given with 55 to 60 volts; higher voltage gives 
even less light. For the smaller 30,000-candle light it is found to 
be 50 volts. 

The Mangin reflector for these projectors, as is well known, is in 
the rear of the arc and is composed of a lens, the rear side of which 
is a reflector. The light is therefore refracted twice and reflected 
once, thereby enabling a smaller lens to be used than if it was re- 
f racteil only once. All the light from the arc passes back to this 
reflector ; there is no direct light from the arc. The flashes for sig- 
naling by means of these projectors, for instance by Morse charac- 
ter, are produced by a small hinged iron screen, which is placed 
between the arc and the reflector, thereby completely cutting oflf the 
light. The following figures regarding these projectors may be of 
interest: There are 4 sizes, 30, 60, 90, and 150 centimeters in diame- 
ter (12, 23iy 35^, and 59 inches, respectively). The power of these is 
as the squares of their diameters, the third being therefore about 
twice the second, and the fourth being about seven times the second. 
Although the rays from the projector should be quite parallel, they 
do make a small diverging angle, the size of which is one degree 
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and a half; this is due to the fact that the arc has an appreciable 
size and is not a mere point. There is no spherical aberration, the 
composite reflector being the equivalent of a parabolic mirror. The 
formula for calculating the candle power of the beam of light at 
different distances is — 

a? 

in which x is the distance and A is a fractional constant depending 
on the atmosphere; for an absolutely clear atmosphere A is equal 
to 1. For a moderately misty atmosphere, such as that around 
Paris, A is about 0.8. For calculating the apparent illumination of 
a distant place, as seen by the operator at the projector, this formulae 
must be squared; as the distance is doubled, it therefore becomes — 

A^ 

a;* 

in which the symbols stand for the same quantities. With the 
small 30-centimeter projector the operator can see objects on a clear 
night 1,000 meters distant (3,280 feet). The arc of the 60-centimeter 
projector has a candle power of 60,000 candles without the reflector; 
with the reflection it is increased 1,100 times, or equivalent to 66,- 
000,000 candles. The 150-centimeter projector, which was in opera- 
tion continually during the exhibition, from the top of the Eiffel 
Tower, is about seven times as powerful; the direct light from it 
hurts the eyes even from a distance of several miles. The above 
figures were obtained from the makers. 

Meritens. — In the exhibit of Meritens&Co. (French section, gold 
medal), who are the well-known pioneers in electrical light-house 
lights, were shown some carbons 2^ inches in diameter for 600 
ampferes and 45- volt lamps for light-houses, which are made of a 
large number of rods of square cross section tied together to form 
one. They claim that these composite carbons burn more evenly 
for such large sizes. 

Le Blon, — The arc lamp of Le Blon (French section) was practi- 
cally without any mechanism. It consisted of two carbon holders in 
the form of two pivoted levers like a pair of scissors held vertically, 
having carbons fastened perpendicularly at their lower points. The 
carbons rest against each other at their extremities and glow at this 
point ; their weight feeds them as they are consumed. It should be 
used Avith an alternating current. In another form the carbons are 
curved and are forced together by a weight on a string over pulleys 
on the holders. It is a question, however, whether a true arc is 
formed, or whether, as is more likely, it is more of an incandescent 
light. They were not running, and were probably experimental 
only. 

PuviUard. — The lamp of Puvillard Frferes (French section) was 
somewhat similar, having two curved carbons fed by clockwork, 
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the escapement of which was controlled by a shunt- wound magnet. 
The clockwork had to be wound up. The two curved carbons were 
in two different inclined planes, touching at the intersection of these 
planes. It was a very short lamp, with the arc at the top, to be 
used as a table lamp. 

Amould, — In the Arnould lamp (French section) the arc is sur- 
rounded by two concentric cylinders of glass, the outer one being 
closed at the bottom. The object is to make the air for the lamp 
pass down between the two cylinders and become heated before it 
passes by the arc, whereby it is claimed greater eflBciency is obtained. 

Dulait, — In the lamp of Dulait (Belgian section, gold medal) the 
position of the carbons is reversed, the postive or bright one being 
the lower, so as to throw the light up against a conical reflector. 
The principle is that if a light is diffused over a great surface the 
pupils of the eyes of persons do not contract as they would if the 
light were all from one small point, and that, therefore, less light 
will be necessary to produce practically the same illumination as far 
as the eye is concerned. It furthermore illuminates to greater ad- 
vantage, as it casts no dark definite shadows. He claims that the 
gain in this diffusion of the light is greater than the loss attending 
the reflection, and as a result a smaller number of such lamps is 
required in replacing the usual lamps by these. 

Alioth, — The Alioth lamp (Swiss section) is claimed to burn four- 
teen hours with one set of carbons, although they are only about 8 
inches long. The upper one has a cross section more than twice 
that of the lower. The upper one is always cored. It is not stated 
• to what this long life of the carbons is due, but it is presumablj*- 
owing to its being a small current lamp. 

References, — For carbons see *^ General supplies." For ''illumi- 
nated fountains " see "Miscellaneous applications of electrical en- 
ergy." For ''systems of distribution" see under that heading. 

INCANDESCENT LAMPS. 

Development — The introduction of the incandescent lamp as a 
commercial lamp may be said to have begun between ten and twelve 
years ago, although it was known and had been used a number of 
years prior to that, yet it had not been developed sufiiciently to come 
into general use. 

One of the most important steps in its development, made at that 
time, v^as to make the incandescent carbon long and slender instead 
of short and thick; this was without doubt that which made it a 
practical success i\s a commercial lamp. This step is claimed to 
have been made by Edison. After the very rapid develoj^nient of 
the first few years of its introduction, but little progress has been 
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made other than minor improvements in details of construction and 
manufacture, which naturally accompany the manufacture of any 
article on such a great scale. The ]K)tential almost universally 
adopted is about 100 volts. The efficiency has been increased but 
little in the last five or six years; it is at present as a rule between 3 
and 3.5 watts per candle for the usual lamps, and in some cases as 
low as 2 watts for large lamps with thick filaments. 

As a converter of electrical energy into light, it is still very ineffi- 
cient; an arc lamp will give from five to ten times as much light i>er 
watt as the incandescent. It is claimed to have been found that only 
a very small fraction of the electrical energy of an incandescent lamp 
is converted into light, almost all of it being converted into heat. 
If this is the case, and it seems likely, it is a great waste of energy 
to produce light with incandescent lamps, in the same way as it is a 
great waste to use gas for illuminating purposes, or even to use coal 
for driving steam engines. There is therefore very much room for 
improvement of incandescent lamps, which will probably be in its 
being replaced by a radically different lamp, rather than in improve- 
ments of the present form. Some development in this diret^ticm was 
shown by the small arc lamps of low candle power, requiring as little 
as two amj>&res. But although the latter have such a very much 
higher efficiency, yet they do not compare to the incandescent lamp 
in convenience. The latter feature is of such great value in favor 
of the incandescent lamps, that the arc lamps are even being replaced 
to some extent by large incandescent lamps of 1,000 and 2,000 can- 
dles. 

Another direction of develo])mpnt shown is in the radically differ- 
ent incandescent lamp exhibited by Pieper, which belongs to the so- 
called semi-incandescent lamps, thcmgh it is truly an incandescent 
and not an arc lamp. This lamp is said to re([uire only 1 watt per 
candle. Among the incandescent lamps exhibited were some Khot- 
insky lamps of 150 to 20^) volts and of the usual candle power. If 
these are in all other respects as good as the usual 100-volt lamp it 
is an important advance, as it cheapens the distribution very greatly. 

The manufacture of incandescent lamps is at the present time 
already one of the largest ])ranches of the whole electrical industry; 
several makers in France alone claim to be making lamps at the rate 
of 2,000 and 1.000 per day. In (Termany, as also in England, tho 
quantity is doubtless still greater, while in the United States tli«*re 
are probably as many made as in all the other countries combin«Ml. 

Exhibits by countries. — There were altogether about eleven exhil)- 
itors who manufacture the lamps themselves. Of these, three (Erli- 
son, Thomson-Houston, and Ht»issler) were from the United States, 
the rest were almost exclusively from France, thoucrh the inventors 
of some were from other countries. 
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DETAILED DESCRIPTION. 

As ilie processes of raanufa€turo are usually — and wisely, too — kept 
secret, the following detailed description is limited to a mere men- 
tion of some of the data of the respective lamps: 

Edison, — In the Edison exhibit (United States section, grand prize 
for whole exhibit) there was shown a well-arranged and complete 
exhibit of the various steps in the manufacture of the lamps, from th? 
crude material to the finished lamps. There were stated to be twelve 
hundred varieties of bamboos, of which three hundred are useful. 
A i)articular one of these found in a certain hilly district of Japan, 
after a certain ago of growth and seasoning, was found to be the best 
and is the one at present used. The inner pithy fibers and the hard, 
siliceous outside are planed off, leaving the inside, from which the 
straight filaments, witli their widened terminals, are cut to an exact 
siz(?. These are then bent, carbonized, and connected to the leading- 
in wires by eh^ctrically deposited copper. 

Lamps are made of 4, 6, 8, 10, 13, 10, 20, 24, 32, 50, 100, 150, 250 
candle i)ower, all for the same circuits of about 110 volts. The lamp 
manufacture has become a very large part of their industry. Some 
idea of the extent of this may be had from the fact that at the close 
of the year 1888 they had 434,181 lamps installed in isolated plants 
alone, which was almost double that of the preceding year, 230,674. 
Besides these there were 075,000 lamps in central stations and 15,550 
in municipal plants, making a total of about 1,125,000. 

French EdisoU'Swaji lamps. — Probably the next largest lamp 
manufacturers of those exhibiting is the Compagnie Q^n^rale des 
Lampes Incandescentes (French section, gold medal), who manu- 
facture under the combined Edison and Swan patents in France. 
Their capacity is 2,5fM} lamps per day, employing 200 hands and 
using 250 horse power. They make chiefly two styles of lamps, one 
with a plain horseshoe filament like the Edison, and one with the 
filament "in the characteristic loop form of the Swan lamp. Their 
usual lamps are made for 10, !(>, 32, and 50 candles; they have 
also introduced larger ones of 100, 200, 500, and 1,000 candles. They 
are made of various voltages from 2 to 200 volts, at an efficiency of 
from 2 to 4 watts per candle ; the types generally used consume 3.5 
watts per candle, while the larger ones require only 3 watts; the life 
is said to be 1,000 hours. For special ctises in which greater economy 
is desired at the exT)ense of life, the consumi)tion is nMluced to 2 
watts per candle, with a life of 500 to 000 hours. 

The large lamps of 1,000 candles are introduced to replace the arc 
lamps, which are objectionable in many cases. The cost of such a 
lamp is 80.75, and assuming a life of 800 hours, this corresponds to 
0.S5 cent per hour for the cost of the lamp; the cost of the consump- 
tion of carbon alone in an arc lamp they give as about 2 cents per 
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r, showing cousklerabltj saving ia favor of tha iiicandeeceut lamp, 
itlBB this tharf is the coat of the arc lamp anil the cost uf atten- 
>, which is by no means small. On tho other hand, the cou-' 
ptioa of jiower for arc lamps is conaiiierably less, being only 
lat ime-half watt pei' catiiile, as agaiust 3 watts for the jnoaiules- 
,t. Besides Vliis the cost of tho cironit and of the transmission of 
(lamc^ amount of ]x)wiir for arc lamps iu series is leas, but ia Eu- 
Iht-y usually run arc lamps on the usual multiple arc circuits, 
that this factor does not enter there. They also make focus lam]>3 
be used witl* reflectors, for search lights for instance, in which 
filament is in the form of a closely wound spiral, so as to have 
light as nearly As possible condensed in one point, 
•Qahriel. — Another large exhibition of lamps was that of F. Gabriel, 
mch section, honorable mention,) He claims 3.5 watts per can- 
for the usual sizes ami down to 2.5 for the larger ones, at SWi to 
^000 hours. The filaments are madt' of gun cotton. The base is of 
a black glass or enamel, with a bayonet clamp or holder and two ex- 
posed flat contact surfaces on the bottom, making avery simple and 
practical lamp base, which is used also by a number of other makers. 
Lodyguine. — Loilyguine, who was one i)f the earliest, if not the 
'liest worker iu this field, has a small historical exhibit in the 
isian section (gold medal), showing cJiiefly the various substances 
th which he had inaile lamps. Among these were cjieu cloth, 
raw ilas, silks, broom weed, lime-tree wood, fiber from the dwarf 
palm leaves. The material used now appears to be conch grass or 
Weed grass. The joint of the carbon with the leading-in wires is 
made of a carbon cylinder having the wire twisted around the out- 
side and the liUment inserted through the center. 

Criilo. — The Socii^t^ Anouyme pour le Travail des Mt-taux (French 
section, silver niedalj exhibited the Cruto lamp, which is made uf a 
fine platinum wii-e, on which the carbon is deposited by heating it in 
a hydrocarbon gas. An intoresting novelty was a glass bulb for the 
lamps, which was corrugated, or formetl with numerous ridges, small 
j)rojections, and depressions, in such a way that the light from the 
filament was broken up into a large number of bright j)oints and 
was thereby diffused as iu the usual ground glass or milky bulbs, 
\mt without sutferiug any loss, as the glass was quite transparent. 

Oernril. — The Soci^t^ Anonyme d'Electricit^ (French section, 
gold medal) exhibited the Gi-rarii lamp, in which the filament is 
made of two straight carbim rods cemented together at their upper 
ends. The rods are maih- from a paste like arc-light carbons. They 
are mostly for low voltages varying from G to 33 volts, and up to 
UK) for the ver>' large lamps. Their efficiency is stated tobeS watts 
per candle. 

Khol insky.—DimiGl Ang** {French section) exhibited the lamps of 

Khotinsky. This is tlm only himp exhibite<l which is made for as 

H. Ex. 41(1— VOL IV- — ."■) 
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high as 150 and even 200 volts, and as small a current as 0.16 amperes 
for small candle powers down to 5 candles, with the usual efficiency 
of 3i to 3^ watts per candle. If these lamps are as good in life and 
mechanical strength as those usually made, it is a very important 
and valuable improvement, as it reduces the size of the conductors 
to one-half and one-fourth of that required by the usual 100- volt 
lamps. They claim to make 2,000 lamps per day, employing 300 
hands. 

Sunbeam. — The "Sunbeam" lamp, exhibited by A. Janssens 
(French section, silver medal), is a large lamp for from 150 to 2,000 
candles, with an efficiency of from 2 to 2.5 watts per candle, the chief 
use for which is to replace the arc lamp. For 800 candles and less 
it has one filament, and for greater candle powers there are two fila- 
ments in derivation in the same bulb. 

Pieper lamp, — One of the most interesting lamps, on account of its 
simplicity and novelty, was the Pieper lamp (Belgian section). It 
consists essentially of two copper rods about like lead pencils, se- 
cured one opposite to the other like the two carbons of an arc lamp, 
only that they are horizontal. Their ends are separated by a small 
space of about an eighth of an inch, as if to form an arc between 
them; their other ends are supported by springs so as to allow for a 
slight upward motion of the free ends. One of these is connected to 
the positive and one to the negative pole of a circuit. Over the 
small space separating the ends of these rods, where an arc would 
otherwise form, rests a vertical carbon rod which touches both of 
these ends and forms a bridge over them; the current therefore 
passes over this space through the end of the carbon rod, thereby 
keeping it at a white heat; as the carbon burns away it feeds itself 
by its own w:eight, it being held in a vertical tube. There is, tliere- 
fore, no regulation of any kind necessary, and the whole mechanism 
is reduced to an exceedingly cheap and simple device. Should the 
carbon rod break off, or refuse to feed down, the ends of the two 
copper rods will move up until they touch a metallic bridge piece 
which thereby short-circuits the lamp to prevent its interfering with 
others in series with it. The carbon rods are of special construction, 
resembling two thin rods united together on one side, quite similar 
to a Jablochkoflf candle, only that they are entirely of carbon. 

The following figures were given ])y the exhibitor and are said to 
have been taken from an expert test: With 10 volts and 20 amperes 
it gave 200 candles, which corresponds to an efficiency of 1 watt per 
candle, or from two and a half to three times as good as an incan- 
descent lamp. The carbon is consumed at the rate of 2 inches per 
hour, one carbon lasting eight hours. It a])pears to be quite new, and 
there was, therefore, no opportunity to discover any weak ix)ints. It 
is a question how the copper will stand the heat; it is supposed to 
conduct the heat off rapidly enough to prevent the copper points 
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from being injured. For an illustration of the lamp, see Industries, 
September 13, 1889. 
References. — For systems of distribution, see under that heading. 

SYSTEMS OF TRANSMISSION AND DISTRIBUTION. 

General. — Apart from the exhibits in the United States section 
there was very little at this exhibition which was of novelty or 
importance in systems of transmission and distribution of elec- 
tricity. In the United States section there were more different and 
distinct systems exhibited than in all the other sections together. 
To an American it was strange to see how little attention was given 
to this subject abroad, if the exhibition can be said to represent the 
state of the art there. Almost the only system in use there for 
lighting seems to be the multiple-arc system in its original sim- 
plicity. Series systems, or the more complex systems, or those in 
which there is a conversion, were limited to a very few isolated ex- 
hibits of less importance. This may be partially due to the fact 
that they are averse to high-tension currents on account of their • 
danger to life, and that they hesitate to introduce any improved sys- 
tem until it has been well developed and introduced by the less con- 
servative Americans. England alone appears to be an exception. 
One of the characteristic features of the United States exhibits was 
that they were developed in all details with all necessary accessories 
to make the system complete and practical. In complete systems of 
transmission and distribution, America had more to teach than it 
had to learn at this exhibition. 

Incandescent lamp distribution, — Aside from the United States 
exhibits described below, the only systems exhibited in operation 
were the simple multiple-arc distribution, the three-wire system, 
and an unimportant converter system. In one case several small 
incandescent lamps were run in series on multiple-arc mains, but 
as there was no cut-out or regulating device of any kind, it can not 
be called a system. Series distribution of incandescent lamps, of 
which there were three American exhibits, seem to be almost un- 
known in France. Even the simple three-wire system does not ap- 
pear to be used very much, and the alternating converter system, 
though used, was not exhibited in operation outside of the United 
States section. For some introductory not^s regarding the latter 
svstem see "Transformers." 

Arc lamp distribution, — In the European exhibits^ arc lamps 
were almost universally run on the same multiple-arc circuits as 
the incandescent lamps ; in those cases there was one lamp on a 75- 
volt circuit or two in series on a 100-volt circuit ; in either case there 
was almost always a dead resistance in circuit, in which from 20 to 
30 per cent of the power is wasted. The advantages claimed for 
such a distribution are that the arc lamps may be on the same mains 
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with the incandescent, and that the potential is therefore as low and 
safe as that for incandescent lamps. The great advantage which 
our usual series distribution has over it, besides the economy of 
power, is the considerable saving of wire, not only in size but also in 
length, as in many cases the series circuit is single, while the multi- 
ple-arc circuit must always be double. The multiple-arc system has 
the advantage that the lights are less dependent on each other, but 
in any good series system, as installed by the better companies here 
in the United States, there is very seldom a complete failure all 
along the circuit, due to one bad lamp. 

For a further comparison of these two systems see the paragraphs 
on series lamps and multiple-arc lamps, under the heading "Arc 
lamps." With the exception of the Jablochkoflf candle system and 
one or two less important exhibits, the series arc-light systems 
were limited to two from the United States (Thomson-Houston and 
Sperry) and one from England (Crompton). There was nothing of 
novelty in any of these, and their description has therefore been 
• omitted. The almost total absence of this cheap and convenient 
system among the European exhibits was very noticeable to an 
American. 

Power transmission and motor distribution, — Apart from the 
exhibits in the United States section, there was scarcely a single 
exhibit of importance of a complete system of distribution of inde- 
pendent motors. There were quite a number of transmissions of 
power by means of motors, but they consisted of a single generator 
driving a single motor, and therefore can not be called a system of 
distribution. The generators and motors were generally both series- 
wound machines, the motor being started by means of an auxiliary 
resistance in series with it, which was gradually cut out as the 
motor reached its proper speed. In one of these ** systems,'' the well- 
known name of which need not be mentioned here, some of this re- 
sistance was at the generator station and had to be kept in circuit 
all the time. 

In the distribution system exhibited by the Thomson-Houston 
Company the motors were run from the usual multiple-arc circuits. 
The motors were shunt wound, and were started by a switch which 
first put the field into circuit, then the armature in series with a. 
resistance, and then gradually cut out tliis resistance as the speed 
increased to its normal value. The reverse operation stops the motor. 
As the results from opening the field circuit first might be very dis- 
astrous to the motor, this switch forms an essential part of such a 
system. 

Railroad systems. — The electric-railroad exhibits were limited to 
two very good ones from the United States and one from Belgium. 
When compared with the large number of electric railroads in the^ 
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puite<l Stales, llnwi' in Eiiropo aro so few iii number that this tiraiicii 
t'lwtrical engint'eriiiy can hardly )w called an im|wrtaiit industry 

DETAILED DESCRIPTIONS. 

I JPdMon system. — In the exhibit of the Edison Company were 
town many of the details of their regular nniltiple-arc three-wire 
^stfitn. As this has hmm so fully desiTibod in the technical jour- 
uls and is so wuU known here in the United Statea, it is not neces- 
pry to descrihe it. It miKht be mentioned here that the bal- 
Vce of the lines is effected by means of very large resistancos of 
I wire at the station, winch are in the form nf spiral coils, so 
•ouptKl ami connected to the midti pie-contact switch that by mov- 
5 the switch lever to successive contacts the same coils are vari- 
Jasly gronpwl in multiple-arc or series, according as the current is 
renter or less, the total successive resistances varying in regular 
By this means of always using all the coils much wire and 
(pace are saved, as the current capacity must sometimes be very 
Some of the special instrnments used will be found described 
mdfir "Instruments." 

[ Fh'e-wire f/yslem, — A descriptive note of his five-wire system 
»tea that "'any lamps of om- branch maybe thrown ujxjn any 
iufT branch to equalize the load, the controlling apparatus being 
I the center station." The way this was done was not, however, 
^escribed, nor was the system exhibited, 

3fuiiicipt'l sijfitrni. —The Edison municipal system of incandescent 
Itghriiig in series is f<»r streets, parks, public squares, etc., in which 
the iuiinl»?r nf lamps burning is approximately constant. The dy- 
namo hiis 1,000 to l.illXi volts. The circuits from it are in several 
mutliple-arc branches, of .1 amperes each, and are kept constant. 
Machines are made for four, eight, and twelve circuits. In each of 
these circuits all the lamps are in series. Each lamp has an auto- 
ifttic cut-out in its liase. which short-circuits the lamp in case of 
Akage or failure. At the station each circuit has its amp^re- 
bter. which rings an alarm if current increases, due to the cutting 
ntuE a lamp. The attendant then switches a lamp into that circuit 
I the station to restore the balance. The lamps on the same circuit 
by of course Ije of ilifferent candle power, and may be rated at 
tout 1 volt per candle, making about 1,000 candles per circuit. 
lomo of these circuits are 10 miles in length: they are of No, 13 

biro. 

I Thomgon spriea incandescent system. — The Thomson-Houston 
pmpany exhibited a system of incandescent lamps on series cir- 
pits. The only special jiecnliarities are that the act of screwing in 
Rlanip opens a switch in its base which otherwise short circuits it. 
t order to cut out a lamp which fails while burning, there is in 
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each base a spring contact which is insulated only by a thin piece of 
paper; should the lamp fail, the potential developed at its poles, that 
is, at this contact, would momentarily rise so high as to pierce the 
paper, thereby making contact and short circuiting the lamp. 

Heissler, — In the Heissler system (United States section, gold 
medal) the alternating current machine has two independent cir- 
cuits of 5 ampferes each. These are kept at a constant current 
strength. In each of these there are 5-ampfere incandescent lamps 
in series and of different voltages depending upon the candle power. 
They are all supposed to be kept burning at one time, though a few 
may be turned off in each branch independently, or any desired 
number if the same number is cut out in each branch. 

A double regulator run by a small belt, and operated by two 
series magnets, one in each circuit, switches a resistance into and 
out of each of the two main circuits to regulate the currents inde- 
pendently, that is, to balance them ; it also regulates the exciting 
current of the dynamo when both circuits are to be adjusted in the 
same direction. The dead resistance is, therefore, used only when 
there is an inequality in the two branches ; whenever both vary 
the same, the exciter is regulated. The regulator performs both 
of these operations automatically. Each lamp has a small cut out 
in its base, which consists merely of a small electromagnet, which 
will short circuit the lamp if it should burn out or be broken ; it 
operates equally well if the lamp is broken or removed before the 
current is started, a case in whicli some other systems fail. 

The filaments of the lamps are all the same diameter, but vary in 
length, depending on the candle power. The filaments being much 
thicker than usual with 100 volt lamps, they are less frail and can 
be run at a higher temperature and therefore at better economy, 
from 2.5 to 2 watts per candle. The chief application is for long 
distance transmission and for buildings and places in which the 
number of lamps burning is not varied very much. Its advantages 
are its simplicity, the great saving of wire for long distances, and 
the greater efficiency of the lamps. 

Multiple series sxjsfem, — The Thomson-Houston Company exhib- 
ited a multiple series incandescent system, in which the incandes- 
cent lamps are run in groups of several in multiple arc, the groups 
being in series on the usual series distribution system, with arc 
lamps. Each lamp has in its base a cut-out and a resistance equiv- 
alent to that of the lamp. Should the lamp fail, tlie cut-out will 
automatically switch this resistance in the circuit to replace that of 
the lamp. The resistance is ingeniously arranged on small pieces of 
mica so as to take up as little room as possible in the base of the lamp, 
and at the same time to cool off as freely as possible. 

Accumulaior, — The Soci^t(5 Anonyme pour la Transmission de la 
Force par Electricitc? exhibited a system in operation in which the 
dynamos for direct lighting in the evenings were used in the day- 
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mii for chai'ging accumulators, whose cniTcnt wns llieii avaJIuljlu 
ill the evening or at any timi; during the day. Tho cells with m 
-'■voml sories groups, which groups were connected in multiple arc. 
i'he last twelve cells of the series were connected separately to a 

I'elve contact switch board, by means of which one after the other 
old be added or cut out to keep the potential constant. Thero wiis 
Ch a switch board for each of the multiple are circuits leading off 
itti) the accumulators, but all were connected to the suma tweJvei 
kdlnting cells. 
g\-amtfiirmer syftrni. — The Thomson -Houston Company exhibited 
feir aiti-irnating current transformer system. The trausformera 
were in multiple arc on the primary, having 1.000 volts. The trans- 
formnrs reduced this to 50 volts. The system itself did not differ 
materially from tho nyual one, and tliei-efore needs no description 
tiere. For & description of their transformers see nnder that hea-I- 
mg. The French Edison Company use for long distances the ZijKir- 
oowski-Deri-Blathy system of alternating current transformers. 
The primary has 1,(X)(), a.iiOO, or 3.00f) volts, and the secondaries m\ 
7S, or 6{), The system was not exhibited in oiieration. 

Thiimsfm Citmpensnlino system. — The only system of dt8t,ributioii 
■■ Nhibited which was quite novel in principle was the ingenious one 
f the Thomson-Houston Company called the "compensating" sys- 
tem. It is for the genera! distribution of incandescent lamps by 
rilternating currents, permitting any to bo turned off at will. Tho 
object is lo reduce the cost "f wire from the dynamo to the centers 
^cif distribution. The general ar- 
HtaDgement is shown in th« tidjoin- 
^■g cut, Fig. 7. 

^^^^he self-induction coil C is like 
^^K ordinary transformer, but with 
^^By a single coil. Branch wires | 
|^^B|d off from the en<U M\A (voxa 
I! three i>oiuts in the coil, as shown, 
which form two three-wire sy.s- 
tems of distribution for 75-volt 
tape. This coil is place<l at the I 

• of distribution of that set 

I lamps, and is in multiple arc 

a others like it, across the 300- 

t mains from the dynamo. The four sections of this coil each 
t as a compensator for the lamps in multiple arc with it. Each 
s'Ttion will keep tho potential of its lamps constant, no matter how 
many are tamed off, and it will furthermore be independent of any 
' pf the other sections. 

The power consumed is said to be proportional tothenumber of 
lamps burning, as the apparent loss of current in tho coil is not a 
real loss of energy. There must be some loss, however, when all 
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the lamps are turned off, but how much the writer could not ascer- 
tain. It was stated that the efficiency was 95 per cent, but this is 
probably when the full load of lamps is running. 

The dynamo for supplying the current was interesting on account 
of its being a compound wound alternating current in which the 
alternating current was redressed, passed through the series coils 
and redressed again (see dynamos). This system permits therefore 
of running 75-volt independent lamps with a 300- volt current of one- 
quarter the strength in ampferes, thereby reducing the weight of 
the feeding leads to one-sixteenth of what it would be in the simple 
multiple arc distribution. Such a diiect comparison is, however, 
misleading, as the disposition would be chosen differently if the 
ordinary system were to be used, thereby reducing this apparently 
very great difference somewhat, but nevertheless leaving a great 
margin in favor of this compensating system. 

Long-distance transmission, — Another ingenious system was ex- 
hibited by the Thomson-Houston Company for transmitting current 
to a distant center of distribution. It was in operation for trans- 
mitting and distributing power and light to the American agri- 
cultural exhibits, situated several thousand feet from the generator. 
It was the only exhibit in operation of a true system of distribution 
of light and power at a distant center ; the only other exhibit of long- 
distance transmission was merely a simple series system in which 
the motor was used to drive a line of shafting, there being, there- 
fore, no distribution other than that by shafting. 

This Thomson-Houston system consisted of a 220- volt generator, a 
long-distance two-wire transmission to the center of distribution, 
and a special redistribution which changed this two-wire circuit 
into a three-wire one of two branches of 110 volts each, from which 
lights or motors were run as usual. This redistributor consisted of 
a single motor-dynamo having two windings and two commutators 
on its armature ; these two armature circuits were connected in series 
with each other, the double motor being then run as usual from the 
220- volt circuit, the single field being in shunt. The three- wire cir- 
cuit was connected to the poles of this motor, the neutral wire being 
connected to the junction of the two armatures. This divided the 
220- volt circuit into two branches of 110 volts each ; the double motor, 
by virtue of its action, both as a motor or a dynamo, keeps the two 
circuits balanced and at a constant and equal potential, no matter 
how many lamps are turned off. 

Oerlikon power transmission, — In the system for the transmission 
of power exhibited by the Oerlikon Company, which is being in- 
troduced extensively, especially in Switzerland, there is one gen- 
erator and one motor, both are series wound and are connected in 
simple circuit. The largest machines used are from 250 to 300 horse 
power, which were the ones exhibited. (See Dynamos. ) For greater 
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power they use two or more generators and tho samo niiinhor nt 
motors, the transmission being then on tho print'ipio of Mm tliroi' ur 
more wire system. 

The system is said to be self -regulating for variablo load without 
any additional regulator, both machinos being HnrioH wound. Tim 
only difficulty seems to be in starting thtj motor, which niunt bo dono 
slowly and carefully. They always liavo toh^phono (!ouniu!tlon hot* 
ween the two stations for this reason. The motor Im rnadiiy Mtoppnd 
by opening the circuit at the motor or by Hhort-cinniltlng tho (Inid 
of the generator. As there can bo but one motor in Hxxch a HynU^iti, 
it is limited to power transmission, as diHtinguiHtH5<l Troni |w>WMr dis- 
tribution. For a report of a test ma<lo of such a HyHtotn in oporatioti, 
see La Lumiero Electrique, 1888. 

ELECTRIC KAILWAV HYHTKMH, 

There were three systems of eU^'Aric rail wayn nxhDfiM^ ihtt Tliorri* 
son-Houston and the Sprague from the Unit^^l HiaUmf ari/l Um> Jiili^fii 
from Belgium* '' 

Thomson-Houston, — The one exhihiUA by ihh Thomnffti'llntinUm 
Company included a full-size truck an/1 all d/dailM and su'^t^imifrU^ 
for the traasmission. The Hyaiem wan ouh whit a Mingle ovt^rUfful 
wire and trolley, the ground ^ieing lu^e^l hm a r^dnru. Tbe *rxt$ihii 
was quite complete in all detail, irj/;lrjdirig tbe ^ynU'jftM of ^/verh^ra/J 
conductors, with iti« cT^i!-<fln^.i», hw\Ut\%Hn, trolley, t^:. Tberi? wha ouh 
motor for each of the two 'Jilinfl^ : the 6eld>. wi^r*^ wot$ft/l lu ^^-^if/u/tm ; 
the controlling ^wix/:li ine.'ide^-i a vrrie^ of r'r*U*^fi/;e«t rr^vl^r ^/t \/,st^*^ 
of iron ckyaely clAmpe^i v^^^.her, whi^-J/^err-?^! v, ^*^r*, ♦he ^y^rt*^u% 
gradually. A: *:-e end oi rc/^t *itr\tf:u -m'ut^^tH the ^r^rr^^tt wh< r/rok^^ 
th«re wa» an ir.^?er.: v i.* '>v>;e, ^yyraUi'^iri;^ '^yf a m^r^^^ w*u^',u ;*/^>^t 
to •'bki'w"' oc^ '^Le -p^iric if^^^-ifArfi ^r,. '^/^^i^wji, the u^H/^f/,^, ■^,i''J!, 
r\sfki yn irzo ^^r\-*. '%j :.vr ^w-lvirti. Tr*e rerer<^;.;r *ir>f/;if, ir*» a^-^/- 
anSir. Tlrr 2Lj'X»vr* '■'ere p^.r^/xi /^y?* •vr^r'r *tr^5^*^ *f*»'; *.♦ •>;>? ^/;>-f 
«wi wrr% *etr:L*«ji v^ r;Vjer '^•-.*nr,>/r<^*, *uy/ir;r,jf f-*/* * ♦..^r'r't ;^.*/. 

Tl^^T«r wm *i i:ir.errj*ffjitfVr *-:ua/* **--•': * *f^.-, '/ fwr jr.>*.^ «^r>*^..y 
Ti«:**»r :!L •ii^ ZLAi.".'. ♦i-.i*,''^ -r-sr^^ ♦C^_-*. **,*k0'^,.rja^ *^'':^'/^'^ ^ *t^; y.:.^ 
i:4i* ir.^rr !niii^ ,«f ^->^jir*r c.i*ti:« / ♦*>^ 4«vc ♦*wa .i>^ '^..^--fw,**^ 
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There were two motors, one for each shaft, suspended on the shaft 
at one end and on springs at the other. There was one intermediary 
shaft. The motor pinions were of vulcanite, to avoid noise. The 
gears on the main shaft were split, and those on the others were on 
the projecting ends of their shafts so as to facilitate their removal. 
The brushes were of carbon, partly tangential, fixed in position, and 
with spring feed. The fields were wound in sections. The control- 
ling switch or commutator for starting and reversing was of special 
construction, consisting of a succession of contacts on the surface of 
a cylinder, representing the sections of the field, the armature, and 
the line; by turning this cylinder the current was switched to the 
field sections grouped in various ways from multiple arc to series, so 
as to start the motors gradually. The oiling was done with fat or 
tallow. 

Julien system. — The Julien system was for use with accumulators. 
It consisted of a complete car and a separate truck. The front end 
of the car rested on the pivoted driving truck having four wheels; 
the rear end rested on two fixed wheels, as usual. The truck had one 
series wound motor whose pinion geared with an annular wheel with 
wooden teeth; this was on the same shaft with two pinions which 
geared with chain gearing to the two truck shafts. The motor de- 
velops 3.5 effective horse power. The brushes were fixed and were 
made of copper foil. The batt^^ry consisted of 120 Julien cells under 
the seats. The starting and reversing was done by one switch, and 
the changing of speed by another. The latter was accomplished by 
different groupings of the cells, in multiple arc, multiple series, or 
simple series, in such a manner that the electromotive force could l)e 
varied without losses in dead resistances and that the cells should 
discharge equally. 

Accessory, — Van Vloten, in the Belgian section, exhibited a small 
model of a very complete system for shifting the boxes of accumu- 
lators out of and into the car. It consisted essentially of a roadbed 
of rollers, on which the boxes could be moved readily, parallel to the 
car, thence into the car by means of turntables and a short truck, 

which could be raised or lowered slightly to the exact height of the 
car. 

INSTALLATIONS. 

All the parts, including systems, which compose an installation 
having been described under their proper headings, there remains 
to be mentioned here merely the installations, as such. Although 
there were many of these, they were almost all so small and simple 
that there is nothing left to describe. A few of them were more of 
the nature of a central station; but as it can hardly be expected that 
central stations in all their details be erected for the short period of 
the Exhibition, it would not be fair to judge these as model central 
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stations, for, as such, most of them could not be criticised favorably 
in many of their features, at least from an American point of view. 

With the exception of the accessories of central stations, exhibited 
in the American and English section, the chief installations were 
all French. The best and most complete exhibit in operation was 
that of the Continental Edison Company (French), and this may 
be said to be a good model of a central station in almost oil of its 
details. Most of the other large installations in operation may serve 
very well their purpose at the Exhibition, but they can not be con- 
sidered favorably as standard models of a central station for general 
distribution, complete in all details. In general, they may have 
been designed well enough for the particular service for whi(*li tliey 
were intended, provided no accidents happen, but there was not suf- 
ficient flexibility in the installations to meet the requirements of a 
central station for general distribution, sucli, for instance, as provi- 
sion against accidents, stoppages, provisions for reserve power, re- 
pairing, extensions of the system, etc., without which a central sta- 
tion does not deserve its name. 

Most of the larger installations at the Exhibition were described 
and illustrated in the numbers of the (London) Engineer for the lat- 
ter half of 1889, and it is, therefore, thought unnecessary to do so 
xiere, especially as such a description would be of little value unless 
it is a very detailed one, as it is the details which ma]|6 a central 
station. 

Almost all the wiring in the Exhibition grounds was underground, 
either by means of lead-covered wires laid directly in the ground, 
or by rubber-covered wires in troughs, and in some cases directly 
in the earth, or by provisional woo<len conduits, in which they were 
supported on insulators. The wiring in the buildings was hidden 
very neatly so that it was not noticeable. 

The central station of the Compagnie Continentale Edison wuh by 
far the most complete exhibit of a model central station. An illus- 
trated description will be found in the Engineer, Oct<^>ber 4 and 1 1, 
1889. It resembled in many respects, in its completeness, a typical 
American central station, and showed, in its general arrangcjmei^t 
and details, considerable experiencfj in central stiition work, whi(;h 
can not be said of a numljer of the other large installations exhibited. 
The distribution was by means of a three-wire system only, with 
tandem dynamos. It differed from the UHiml system of universal 
mains, in that the more imjK^rtant centers of distribution were con- 
nected to the station by indeji^mdent mains with HapArato switches; 
the loss allowe^l was 10 i>er cent. Arc lamps were run four in w^ries 
between the 2^/j-volt mains. 

The central .station of the S^xri^t^ Anonyme i>our la Transmission 
de la Force par rfeW.-ctricit^ include*] a large installation of ar.'cumu- 
lators which were charge<l in the daytime by the engines and dy- 
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names which would otherwise be idle. In the evening they added 
their stored energy to that from the dynamos direct, thus increas- 
ing the capacity of the station. This system is described under 
"systems." Their central station in Paris is to be operated on a 
similar system. 

The station of the Soci^t^ I'Eclairage Electrique comprised a num- 
ber of independent systems, including a continuous-current three- 
wire system, a direct and a series transformer system for Jabloch- 
koff candles, motors, etc. It was more in the nature of a general 
exhibition of their various systems, rather than a typical central 
station for general distribution, from which latter point of view the 
station could hardlj" be considered very favorably. 

The small installation of Crompton & Co. (English section) was no 
doubt the most compact installation at the Exhibition — that is, hav- 
ing the greatest output for the smallest floor space, and included a 
one-third reserve force. It was, furthermore, one of the very few in- 
stallations of a series arc lamp distribution. There was also a small 
batch of incandescent lamps on a three- wire system from 220-volt 
dynamos in multiple. An illustrated description will be found in 
the (London) Electrical Engineer, August 2, 1889. 

LIQHTINQ OF THE EXmBITION. 

The opening of a large part of the Exhibition in the evening neces- 
sitated its being lighted. This brought up the question of how and 
by whom it was to be done and how it was to be paid for. It was 
finally decided to give the exclusive right to a French syndicate, 
which was to receive in return in the neighborhood of half the re- 
ceipts from admission in the evenings. Shortly before the opening 
of tlio Exhibition, and after most of the preparatory work of this 
syndicate was finished, a change in the financial management of the 
Exhibition compelled the syndicate to sell their right to a share of 
the admissions back to the administration for a fixed sum. 

The area lighted was to be about 300,000 square meters (3,200,000 
square feet) with about 150,000 carcels (1,500,000 candles) using about 
3,000 horse-power. It was intended that the lighting should be done 
by numerous companies from different countries, but, as a fact, it 
was done almost exclusively by the larger French companies. It was 
for this reason that the United States exhibitors were excluded en- 
tirely and were compelled to keep their lights within their own floor 
space, and not contribute them to the general lighting of the build- 
ings and grounds. 

There were, in all, nineteen different installations contributing to 
this lighting— eleven of them were French, three were Belgian, two 
Swiss, two English, and one German; there were none from the 
United States. By far the greater proportion of the lighting was 
from the French companies. The number of lights installed by the 
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8]nid!cate was as follows: Arc lights, 739 at 8 amperes (1,000 candles), 
104 at 25 (3,500 candles), 48 at 60 (10,000 candles), 140 Jabloohkoflf 
candles (400 candles), 16 lamps soleil (1,000 candles) — total 1,063 arc 
lamps. Incandescent lamps: 5,400 at 4 candles, 3,209 at 10, 240 at 
16, 154 at 20, 72 at 500 — total 9,075 incandescent lamps. This makes 
in all about 176,037 candles, at a consumption of about 4,000 horse- 
power. There was, besides this, some gas illumination, but it was 
small as compared with that from electric lights, except on special 
f^te days, when certain decorative effects were produced for which 
the number of gas jets amounted probably to hundreds of thouHands. 
A very good summary of the organization and operation of this syn- 
dicate will be found in the Memoires de la SocitJtd des Ingduieurs 
Civils, April, 1889, in an article by M. de Bovet, director of the syn- 
dicate. Another article regarding this, by Fontaine, will be found 
in the Bui. Soc. Internationale des ifelectriciens, February, 1890, No. 
65. 

UGHTING OP PARIS. 

For the general distribution of electric light and power in Paris 
the city has been divided into sections, each one of which is givciu 
to an electric lighting company who lias the exclusive lighting of 
that section, under conditions, restrictions, and limitations imposed 
by the municipal authorities. The work is in progress, some sta- 
tions being already in operation. For a well-illustrated article on 
this subject see La Lumifere Electrique, June 29, 1889. 

The great scarcity of electric lighting in Paris, at i)reHent, is duo 
to a great extent to the ahm>st prohibitory conditions imposed by 
the city, in the form of a very high municipal tax on tlie pow(jr 
which is used for electric-lighting puriK>H<5S. The reason for this is 
that electric lighting would otherwise, to a great extinit, repbu;e gas 
lighting, which is in the hands of monofK^lists holding imi>t)ritint 
privileges, who sliare their profits in a c^^rtain projK^rtjon witli the 
city. As their profits are very great under the <;^>nditionH, tlie city 
receives an impcjrtant revenue from tliis ntmrcjif and it would be 
diminishing this revenue as well as that of tlie gas rAmiimnUiH U> 
allow electric lighting to repla/re gas. Furthermore, the **o<jtroi/' 
or municipal tax, on a^al luaA within the limits of the city is very 
high, and electric-lighting ^r^iinpanies are not exempt from it as 
manufacturing r^i^mpanies are. If the tiU^drU'My in gen<'nit<5^i out- 
side of the city limits and hA iiiUf the city an <^{uivalent duty is 
imposed on the energy xxa^A, An authority stat^^ that their com- 
pany has to i^ay 5 i>er cent of tlif.'ir ni^j^fipts (not j^rofits) Up the city 
when the station is iwAihi of the city limit^^ and 7 \pitr cAiui when it 
is outside. The charges of one of the <>/m|>ani<M in Paris are from 
21 to 20 cents i>er kilowatt hour, which is alx/ut 10 U) Ul asntH jjer 
horse-power hour of current ; tl >4i^lpbiii, for iimUMice, 
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is 7 cents per horse-power hour. For some additional figures regard- 
ing this subject see under the heading "Progress" in the Introduc- 
tion. 

STATISTICS. 

The Edison Electric Light Company publishes the following sta- 
tistics regarding their installations. At the close of the year 1888 
they had installed in the United States 1,504 isolated plants, having 
433,476 lamps ; 200 central stations having 675,660 lamps; 23 munici- 
pal plants (high-tension series system) having 15,550 lamps. Total, 
1,727 plants and 1,124,686 lamps. Their representative states that 
they have installed 650 miles of underground wire, equivalent to 217 
miles of Edison tubing. 

The Thomson-Houston Company up to same date had installed 
406 arc light central stations having 51,621 lamps, and 170 incandes- 
cent central stations having 120,380 lamps; also private plants 
amounting to more than 20,000 arc lamps and 100,000 incandescent 
lamps. In 1888 they started to install electric railroads ; in one year 
they had installed 21 lines having 3,000 horse power, and in June 
had in construction 23 other lines representing 3,000 horse power 
additional. The Continental Edison Company (French) state that 
they have installed in France alone 1,500 installations of 100,000 
lamps, representing 22,000 horse power. 

For some additional statistics see under "Progress" in the Intro- 
duction. 

ACCESSORIES. 
AUTOMATIC REGULATORS. 

The regulators exhibited were almost exclusively for automatically 
varying a resistance in series with the shunt- wound magnets of a 
dynamo in order to keep the potential of the circuit constant. Com- 
pounding the magnets will accomplish this as far as changes in the 
current strength are concerned, but it will not correct for variations 
in the speed of the dynamo, which is very important; regulators 
have for their object to correct for changes in potential no matter 
what their cause. 

In the general type of regulators of this kind there are three essen- 
tial parts, a resistance arranged in progressively increasing steps, 
an intermediate mechanism for connecting more or less of this in cir- 
cuit, and a detector which detects changes of potential and operates 
this mechanism accordingly. The detector is connected across the 
mains either at the dynamo or at the center of distribution, accord- 
ing to where it is desired to keep the potential constant. In those 
exhibited by the SociA^ Suisse pour la Construction de Locomotives 
et de Machines (Swiss section), and by the Socidt^ Alsacienne de 
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Constructions Mdcaniques (French section), which were almost 
identical, the detector is a solenoid with a movable core; this is at- 
tached to a balanced horizontal bar, the other end of which carries 
a mercury cup which is thereby raised or lowered. Into this dip a 
series of copper wires of progressively increasing lengths, so that 
more or less of them will be put in or out of the circuit by the mov- 
ing mercury cup; these wires lead to the resistances. 

In the following regulators the detector magnet operates two con- 
tacts, one when the potential is too high, and one when it is too low. 
The circuits controlled by these two contacts then operate the inter- 
mediate mechanism. All these have the fault in common that these 
contacts require cleaning and care, and at best are very apt to cause 
trouble. 

In the Edison form the mechanism is operated by two magnets 
which move a common armature lever over a series of sliding con- 
tacts representing the resistances. 

In the Oerlikon form it is done by a sliding contact moved over 
the resistance contacts by a long screw shaft. Opposite to the ends 
of this screw are two magnets whose cores are kept revolving in 
opposite directions by belts; these magnets are controlled by the 
detector. A circuit in one or the other causes the screw shaft to be 
coupled to its core by magnetic attraction; this turns the screw in 
that direction until the magnet current is broken again by the de- 
tector. 

The Picou (French Edison Company) form is similar to this, only 
that the shaft is turned in either direction by a small electric motor 
controlled bv the detector. 

The Borssat form is similar to this, only that the shaft is turned 
very slowly by a worm wheel, and it has on its surface a raised spiral 
of very great pitch, which touches successively the spring contacts 
of the resistances. 

In the Henrion form, which is identical with the Weston, the slid- 
ing contact for the resistances is moved in opposite directions by two 
ratchet wheels. The pawls for these are kept moving to and fro by a 
lever operated by a pulley and belt. Two magnets controlled by 
the detector contacts raise or lower one or the other of these pawls, 
thereby causing one or the other of the ratchet wheels to be turned. 
A similar device is used to move the brushes of his series-wound 
machine to keep the current constant. 

The Clerc form, for alternating current machines, is similar in 
principle to the Edison described above, only that relay magnets 
are introduced to operate the two large powerful solenoids whose 
cores move the sliding contact. It is very large and complicated, 
and is burdened with many details. It is presumably only experi- 
mental. 

In the Beau & Bertrand form the detector is a short but very 
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wide magnet, having a large number of small armatures, of progres- 
sively increasing weight; these operate the resistance contacts and 
replace the usual sliding contact. It is laige and awkward, but 
seems to work well. 

Among other regulators for various purposes were the following : 
Lahmeyer regulates for the loss of potential in the leads by means 
of a small series wound dynamo on the same shaft with the other and 
connected in the main circuit. It is not apparent what the advantage 
is over the much more simple compound winding, which does pre- 
cisely the same thing. 

The Dujardin regulator is for putting resistance in the main circuit 
of a small number of incandescent lamps run from accumulators, to 
keep the potential at the lamp constant. The detector is an ordinary 
magnet with a very long contact arm, operating two contacts as usual; 
the two magnets moving a brush in one direction or the other over a 
series of resistance contacts, by means of a rachet^ wheel, pawls, and 
make and break contacts. He claims to be able to regulate within 
three-tenths of one per cent. The objection is to the number of con- 
tacts which require cleaning and attention. 

Reference, — For a voltmeter for measuring the potential at the far 
end of the leads, without a return wire, see under ** Voltmeters." 

LIGHTNING ARRESTERS. 

The few lightning arresters exhibited for electric-light lines 
were confined to the American exhibits ; there was one in the French 
section, but it was an acknowledged copy of one of the former. 
These safety devices, so very common and necessary here, are con- 
spicuous by their almost total absence in the foreign systems exhib- 
ited. This is to a great extent due to the fact that the lines are 
mostly imderground, and are carefully kept free from grounds ; 
also that high potential circuits are comparatively rare; also that 
such violent electric storms as we have are much less common on 
the continent. Another explanation of the absence of lightning 
protectors is that many systems there are not as completely equipped 
as they should be. 

Thomson-Houston. — Among the most prominent lightning arrest- 
ers were those exhibited by the Thomson-Houston Company. Those 
for continuous current circuits, though no longer new, are perhaps 
not well known. 

The principle of all of them is that the liglitning is led to earth 
by jumping across a small air space, and that the arc which is formed 
thereby, and which might be continued by the dynamo current, is 
blown out magnetically by means of a magnetic field produced by an 
an electro-magnet. 

There are a number of different patterns, depending on whether 
they are for arc, for incandescent, for railroad, or alternating cur- 
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rent circuits. In all of them the arc is formed between two metal- 
lic plates in the same plane, one connected to line and the other to 
earth; their adjacent edges, where the arc jumps over, are close to- 
gether at one point, being separated only by an air space of one-six- 
teenth of an inch, and are far apart at the other ; the magnetic field 
produced by the two poles of a U-shaped electro-magnet, whicli are 
situated on the two sides of this space, repels or blows this arc from 
tlie short toward the long air space, thus gradually increasing the 
length of the arc, which weakens it and finally extinguishes it. 

In some (those for arc-light circuits) this electro-magnet is always 
in the main circuit, and is connected between the machine and the 
arrester, so that its self-induction helps to protect the machine. In 
others (for incandescent light and railroad circuits) the current for 
the electro-magnet is that of the arc itself, the magnet being connected 
between the ground plate and the ground ; in this form the magnet 
circuit is shunted by a small air space between the two points, across 
which an excess of the lightning may pass. 

For alternating currents the magnet, which is always in circuit, is 
ingeniously arranged ; it is connected between the machine and the 
line and is wound bifilar, like a resistance coil (that is, with two equal 
windings in opi)osite direction), so as to have no self-induction and 
develop no magnetism under normal conditions. The *' bight" or 
junction of these two opposing windings is connected to one of tlie 
plates of the arrester, the other being led to earth. Wlien lightning 
strikes the line it passes through only one of these two windings, and 
hence through the plates to ground ; this develops magnetism wliich 
blows out the arc. In addition to this there are points and plates 
separated by small air spaces, which shunt the coil and take the 
excess of the lightning current. T<^ assist in blowing out the arc, a 
knife edge of slate is sometimes introduced in the air space between 
the plates, as if to cut the arc. In those for alternating currents the^ 
space in which the arc is formed is carefully insulated from all the 
rest of the apparatus by means of thick pieces of slate. The writer 
witnessed the experiment of short circuiting a 3,000-volt arc-light 
machine through one of the arc-light current arresters ; the powerful 
arc formed was instantly blown out, accompanied by a loud report. 

The Electrical Supply Company exhibited a lightning arrester, the 
principle of which was that the lightning passed between the usual 
plates, with saw teeth, to the ground, and in doing so it pjissed 
through a magnet whi(,'li tripped a lever, which, ])y means of a sim- 
ple drop mechanism, rapidly separated these two plates so as to ex- 
tinguish the arc which might otherwise be (Continued by the line 
ciirrent. 

A system which is said to be used in Switzerland, ])ut was not 
exhibited, consists in introducing into the circuit a ** choking" or 
self-induction coil between the machine and lii <3hine end 

H. Ex. 410— VOL. IV C 
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of this coil is connected to a condenser, the other plate of which is 
grounded. The other end of the coil is connected to the usual saw- 
teeth lightning plates, one of which is grounded. The choking coil 
protects the dynamo by its self-induction. The fault of this appa- 
ratus is that it does not extinguish tliearc should it be continued by 
the dynamo current through a second gi'ound. 

AUTOMATIC SAFETY CUT-OUTS AND FUSES. 

Among the numerous exhibits in this class there was little of nov- 
elty, though some were of interest. The features desired in lead 
fuses, judging from the exhibits, appear to be to facilitate replace- 
ment, to make a burnt fuse render itself readily visible, and to guard 
agninst the scattering of the hot metal. There were exhibited a few 
electro-magnetic cut-outs, but they do not seem to meet with much 
favor, probably on account of their cost. There was only one high 
potential cut-out, that of Thomson. 

Lead fuse cuf-oufs. — The fuse exhibited by Postel-Viney (French 
section) consists of a short glass tube with a copper cap at each end, 
the lead wire being in the interior, with its ends fused to the copper 
caps. The holder consists of two large screws, between the ends of 
which this tube is clamped axially at the caps. When a fuse is 
blown the tube becomes white inside, which enables it to be detected 
readily. The tube prevents the scattering of the metal. 

The fuse on the Zippernowski transformer is similar to this one, 
only that it is attached to a wooden handle perpendicular to it, and 
the contacts are made in the form of spring clamps. The object is 
to enable a fuse to be replaced without ha^nng to touch the circuit. 

In theCockburn fuse exhibited by the Acme Electric Works (Brit- 
ish section) the wire is long and horizontal, with a small weight at- 
tached to its middle point, which is intended to break the wire before 
it fuses. 

In the Hedge fuse exhibited by the Globe Electrical Works (British 
section) there are two separate fuses in series, with a convenient short- 
circuiting switch by which either one may be short-circuited. Either 
one of them should always be short-circuited. When the one in use 
is blown the switch may be moved over to short-circuit its terminals, 
thus putting the other one in circuit. The l.)lown fuse may then l)e 
replaced at leisure. The fuses themselves, as is well known, consist 
of a strip of tin foil between the two jneces of mica, which cover it 
completely. 

Among the fuses in the Edison exhibit was one in which there were 
a number of independent fuses, with a switch enabling a new one 
to be switched into circuit very rapidly, giving time to replace the 
burnt one. These successive fuses may also, if desired, be made of 
increasing sizes for special purposes, the smallest one being normally 
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in circuit. Their fuses for the municipal system (higli potential) are 
made of a long lead wire wound spirally around a glass tube or slate 
block to prevent the formation of an arc. 

Magnetic fuses. — Among these was one of Woodhouse & Rawson's, 
in which an electro-magnet in the line circuit attracts a weighted 
armature pivoted like an inverted pendulum. The moving of this 
armature rui)tures the circuit by lifting out the bridge piece of two 
mercury cui)S. By the latter device sliding contacts at the movable 
armature are avoided. In another, for very large currents, exhib- 
ited by the Soci(5te Aisacienne de Constructions Mc^caniques, the 
magnet trips a small light lever, which in turn trips a large heavy 
lever, which opens a snap switch by the action of a strong s{)ring. 

High potential safety device, — In the Thomson-Houston exhibit 
there was a switch consisting of a knol) at the end of a flat spring 
which pressed it against a contact piece. A piece of paper i)inched 
between the two insulates them from each other. The two parts are 
connected to the two mains or leads which are to be protected against 
a great increase of potential ; when the potential becomes too high 
it pierces the paper, making contact between the two leads, thereby 
short-circuiting them. It is used on arc lamps in series to cut out 
the lamp shcmhl the circuit be open in the lamp. It is also used in 
the alternating current system, in which each of the sec<mdary or 
house mains is connected to earth through such a cut-out. Should 
the potential of either one of them become too high, by a cross w4th 
the primaries, or by lightning, it will immediately ])e grounded, thus 
rendering it perfectly safe. 

SWITCHES. 

Among the necessarily very large number of sw^itches exhibited 
there were but few that are of sufficient interest to be mentioned 
here. Small swit(;hes are as a rule so simple and so easy to design 
that there is little of interest to be described. For small currents it 
lias become almost universal practice to use the so-called '*snap 
switches" — that is, those which open with a sna])ping movement and 
have only two stable {>ositions, either entirely open or entirely closed. 
Most others have gone almost entirely out of use. It is also becom- 
ing more generfil to use the double-contact switches, in which the 
circuit is broken twice. This mav be due to the fact that it often 
simplifies the construction. Double-pole switches were rare. Por- 
celain and other similar substances* are coming into use more and 
more for small switches. 

Switches for strong currents are much more difficult to design, 
requiring much more care in their designing than is often given 
them. The greater number of those exhibited were not well designed, 

*See also " General supplies."' 
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so far as the contacts wwre coiitierneJ, The mere fart uf having 
Urge aurfaoes »nd mustiea of copi>er dues not uecessarily mean that 
the contacts are good. They may keep coo], but l.his may Ite due to 
the large iuas«Qs of good hpat-condiicthig coppiT, Sudi swittihaa 
may do tlieir work, hut tliey do uot do crwlit to their designers, 
switch must be excee'iiiigly iKwr to fail coiii|di?teIy. The contacts 
in many were examined carefully and were found to be very poor a 
comparefl to theaizeof the intended Rnrfaces of contact. Thobrighl 
jmrtei of these surfaces are not nece.ssiti'ily indications of the sfzen 
the true contact, as they may bn Jiimply scrntchea from a mere Una 
or point contact, Evtm some of the bclti-r companies had very poor 
tj*pes of switches. One of the large well known French companii! 
even had a type of switch which couhl hardly have been desigitod 
worse: two rigid flat horizontal Hurfacea, one laid on top of the other. 
There was absolutely no sliding or friction, and no ftexihitity of the 
surfaces, a grain of dust would destroy the contfict almost entirely. 




-i««y iwlwb; hy 



if not ([uite so, and the 8i>ark on opening completely destroys t 
contact surfaces. 

The requirements of a good switch are. that the surfaces aliottld 
he self-cleaning, that one of the two contact surfaces muxt be oC i 
flexible yielding nature to ailapt itsidf to the other, and thftt thi 
spark on opening .should tnlcit placu at such parts of Iho swikc 
which, if burnt, do not affect tho contacts), A switch on the s 
principle as the contact of a commutator brush of a dynamu i 
swers all tliese conditions. There were several such switches ejj 
itod. Wlieu detiignetl in this way, a small switch will carry a niQi 
larger cun-ent. 

Switches of the cIoas just descrilKHl were oxhibiteil by Woodlw 
& Rawson. Grompton, Socii-ltS Aliutvienno do Construction ] 
nique. Hiyne-Berline, Heiige. and Augt'. Some of tlioso 'if Wd 
bouse & Rawson are shown in the three adjoining cut« : the f 
Fig. », is a two-way switch, the second, Fig, H, and third, BHg, , 
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esnap switdies, TJifi inovahle contnot in all uT lln.'-sc is mixdv of 

KlftrKS mimljer uf fine strips of spring copiwr, wach n( which ad- 

i itself to touch along thy \vholn lunglU of it« biIru; the total 

s of contact is then pqiml to the total cmsB Rectioti i>t the m-iii. 

|,t the eu'Js t!ie«i> strips should ho sliKhtl)' sfimmtod from each 

iher 80 OS to allow for a slight play to aiijnst t ht'iiisi-l vt's. 




^^^^ 



tall th<> olhtTH fttv Muiiilar iii principle hut <lfffep in oori- 
Iii oiHt >if lliftn (Cnmipttiit) then- i^, in wlditloii, a flinnll 
kplacHnhl" -['Hiig faj(l<-nc«l un om- wiilt-of thi.- conlw/;! nprinK)*. which 
irk iiud ihuri'by prv^-cnln the <rll«'nt from Ix'tnt; huml. 
1 In ihae«> '■{ thu f\lfiacieun<! C<rnip(iuy thf npp«!r foil aaiLto o vtlff 
udjust itetlf, many of the »priu(^ titacti!oj{ in^H^ 
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Ill tliose of Iliyne-Berliiie tho foils wt^re bent, somewhat like the 
letter S, and were in planes parallel to the axis instead of perpen- 
dicular, as in the others, rubbing on the inside of a cylindrical sur- 
face. This has the advantage that the springs will not wear grooves 
in the solid surface ; it has the disadvantages that the snapping of 
the spi'ings on opening make a great noise, and that it can be turned 
one way only. 

In the Hedge form both surfaces are flat, but the movable one 
is connected with the lever by a flexible connection, thereby allow- 
ing it to adjust itself to the other surface. An interesting and in- 
genious feature of all the switches, cut-outs, etc., of Hedge's is that 
all screws which may have to be used in making the connections 
have a high projecting head with a deep, wide cut ; the object of 
this is to enable any ordinary coin to be used in place of a screw- 
driver; a screw-driver is not always at hand, but a coin generally is. 

In many of the large, as also in small switches of various types, 
it was noticed that the hinge or pivot of the movable lever is rarely 
used as one of the contacts ; the lever is preferably made so as to 
break two contacts, in which case the hinge is not in the circuit. 

The Oerlikon circuit breaker is intended for opening circuits of 
several hun<lred amp^res and several hundred volts, such as those 
used in their transmission of power. For such currents an ordinary 
switch will evidently not answer. In this cut-out there are two con- 
tacts in midtiple arc ; one is a good metallic contact made by a large 
carbon rod forcetl in between two spring sockets, and connected by a 
flexible lead. To open the circuit, the metallic contact is fii'st oi>ened 
by lifting the carbon out of its seat; this throws all the current 
through the carbcjii conttu't, which is then broken by pulling it out 
of its socket. All of the spark, which is v(^ry large, is therefore 
taken by the carbon and not by the switch })roper. 

COUPLIN(iS FOR WIRES. 

There were three dilferent (•()U[>lings for line wires exhibited, one 
French an<l two American. 

Th(^ former, exhibited by Lapointe, is for fine wires only. It con- 
sists of two copi)er tubes, one with a male screw thread on the end 
an<l the other with a female screw. The ends to be s^diced are each 
threaded through both tubes and i)assed through a lateral hole at the 
end of the farther tube. The two tubes are then screwed together, 
which twists the wire together. It forms a strong joint and is easily 
rtia<le, but the contact is not necc^ssarily much bett(»r, if <is good, as 
the usual twisted s])lice. 

TheMcIntyre coupling (Unittnl States section) is well known here. 
It consists of two tubes soldered together so as to have a cross sec- 
tion like a figure s. The ends (^f the wires are passed, one into each 
of these tubes and from alternate ends, the whole being then twisted; 
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Ith*' fliitlfiiiut^ nf tlif tulifs cmisi-'l thtTt'by miikfs contact with the 
hlFurl'Hce "I" tliti winj. whilu th^ twist gives the splice meclianiual 
[ctrt'tlfiith. Tlie objoiTtiou is that the tubefl, which are niodpratt-ly 
Jlong. esijeeially for thick wii-es, must fit the wire closely, hihI it is 
■nut always easy <>v simple, especially on top of a pole, to stniighton 
■Bticli lung eniltt of the wire so that they will jjo in. For thick wires, 
■ftR for arc-light circuits, it ri^juircs two special twjls mitl two men 
|.tti twist tile c-oiipling. 

Thii Ht^inngcoupliny exhibited by the Electrinil Supply Company 

■(Utiit«d States sectioti) and known as the "vise grip"' conpling, 

insiBtsiif two short split tubes which fit the wire moderatplyclos'-ly, 

ind which are coniiei-tefl togither [wirallel to t'(»cb other by two 

Iftfc plodPs; aft«r the wires art) iustirt(^<l theso flat pieces are bent, 

Ibya blow of the hammer, so as to bring the tubes together: the 

ionstruction is such that this causes the tubes to close on to the wire 

Dike the gripof the hauii, with a very great force, which is suffitieiit 

■^ven to stretch tlie copper tubes. The contact ia tJierefore arouiul 

(thewholu surface of the wire, ami is therefoi'e very large ami giwxl. 

lie lime require*! is very lunch less than that for an oitiinary 

kwist coupling, TIic length of wire used is h-ss than one-half of 

hat reijuired for the usual splice. 

BINDING POSTS. 

Amoug tho bimUng posts oxliibiteil wore several of interest. The 
Jono exhibited by WixmHioush & Rawson, shown in Fig. II. con.tists 
lof a 8lotte<l bolt ami nut; the wir«i to be thini]ieil is plarrd tin j«s,h 
|.tho8lot; it has a miiuber of obvious advanlafc,eB 
i. very good spring clamp binding pi>tt ixhibited 
mhy Camua (French section) is shown in Fi^ 1 ' 
1) cap is capable of being lif toil up slighth bung 
Fheld domi by 1 bo spiiiig; the wire is placed under 
edge or Ihrough the hole in the pin the spnut 
ca|) hoiiliug it there secureh Its Uie 
is limited to temporary connpi.tuiTis uili 
as with instruments, for iuhlaii ti i 
^vbicll jiurpose it is very convenient 

'Die following simple and vi ry ^ i kI 
binding jiost was <pute commoti par 
licularly on French machiner\ It is for 
cimiiectiug stranded cables foi strong 
currents to dynamos, switch boards etc 
It consists of a short semR\lindiic,sI 
bh)ck, which rests with its curved mii 
face in a cori-esponding grooM d block 'yiimi Fmi v 
Iwllivh forms the base; two tiolts, passing, transverselj Ihr lugb it, 
letuiblu it to be clamped down into this groova 1 he stranded end of 
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the cable, slig]it]y flattened, is jiassed lietween this seiiiicylindrical 
piece and its grooved scat, and is then secured there by tightening 
tlie holts. By virtue of the slight beniliitg and spreading out of the 
strands, all, or almost all, of the strands are brought into contact 
witli each other or with the (damp. An illustration of it may be 
found in the' recording amperemeter (Fig. 59). imder "Instru- 
menta." It replaces the solid eye piece which is generally used with 
stranded cables, but which requii-es to be soldered to the cable, and 
is therefore not so convenient, although neater. 

MISCELLAKEOUS ACCESSORIES. 

Chokht'j coil. — In the Thomson exhibit (United States section) was 
shown an induction or "'choking" coi], by which the amount of 
a])I)areiit .self-induction could readily be varied at pleasure. It is 
for use with alternating currents just as an adjustable resistance is 
used with continuous currents, and like these it absorbs energy, and 
it!> use is therefore limited in pi'actice. Its chief advantage is its 




convenience and the absence of all contacts. It may bo described 
as resembling .i Cifraramc ring, with a single coil, covering about 
ono-thiiil of the ring; this is the induction coil. Another thinl of 
the ring is encircled by a single short-circuited coil, made of solid 
thi<-k pieces of copper; this fits very loosely, and is capable of being 
moved about the axis of the ring as a center, by means of a handle. 
so that it can bo movwl over any portion of the ring or the induction 
coil: lastly, the open space in the ring is fille<l with round iron 
disks. When the two coiLi are onoppossite sides tliere is practically no 
induction in the solid copjjer coil, a-i it is magnetically shielded by the 
iron disks. A.i it is moved over the other, currents will lie induced 
in it. which will be a maximum when it completely covers the induc- 
tion coil, in which position the apparatus is a true transformer, with 
a .short-circuited seccmdary. This variable induction in the sec- 
ondary will generate a vai-iable counter-electromotive force in the 
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rimary. by wbirh miy if^uirt-il nppiireiit self-imluctioo 
oTttained. 



h.' 



Ffilf iiidicnfnr. — Woodhouse & Rawsou. DauziT. and 
iilherrt exhiliited a pole iriilicator, l>y which the polarity 
i.>f II circuit can nwJily lti> fouud. It consists, aaaliown 
ill Fig, in, of n itrlass tiilie roiitaiuiiig a liquid and twfi 
platinum turiniiials. If lliese are connected t(i thetwn 
IKiles of a dynamo or a fircuit. thf one coniiwted to the 
negative pole will tnrn a jiink color. Its resistance 
is given as :JU.'K)il ohms. It can, therefore, be used for 
high potpulitti circnits. It is said never to require a 
change of the liqniit, 

Ai:ruinv}filor hydroiiifler. — Tin- Hicks hydromwler. 
shown in the adjoining cut (Fig. 14), exhibited hy 
Woodhnnse & Rawson. is to replace the usual hy- 
dmrneter.'* for accumulators. It consists of a flat glass 
ttilic. pi'rforated with small holes, and containing four 
litll..- glass globuh-sof diiferent colors, each of which 
will rise or fall for a distinct specific gravity. It isar- 
I'iingL'd to hang over the edge of the cell, by means of 
ih.-. Iiiwkattlietop, 

Win »lwujhlftH'r.—Thv adjoining cut (Fig. IS) 
f;hows a very convenient and proWbly very effective 
wire straightener. for use in winding magnets, especially 
r.ir large, thick \vin«. It was exhibited by Wi>od- 
honso & Rawson. The wire [Ktsses through axially 
and oualternatesides of the rollers, which are adjustable. 
. Besides the straightening effect of the rollers theni- 
'h^romocw. selves, the whoh' frame is mad.- to revoUv, ha\'ing 
ior«c(»maU. therefore the effect of many roll.Ts in different i-lanos. 




Lj}fiaing-tjear for dynamos. — See " Dynamo 
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MISCELLANEOUS APPLICATIONS OF ELECTRICAL ENERGY. 

Under this heading will be mentioned only those applications in 
which the more powerful currents are required, as distinguished 
from the many applications of a lighter 'character which belong 
more properly to the same class as electric bells, annunciation, gas 
ignition, etc., which see for other miscellaneous applications. Elec- 
tro-metallurgical applications of electricity are not included in this 
report, as they belong more properly to the department of Mining 
and Metallurgy. 

ELECTRIC WELDING. 

There were two exhibits of electric welding, one, the Thomson 
process, by directing heating, and the other the Bernados process, 
sometimes called the Russian i)rocess, by means of the electric arc. 

Thomson^s process. — The Thomson process was invented within the 
hi4st few years by Prof. Elihu Thomson of Boston. The exhibit of 
this process in opiu'ation (United States section) was exceedingly in- 
teresting and attracted probably more attention among both techni- 
cal i)ersons and the general public than any one other electrical 
exhibit. 

Electric welding is one of the very few recent developments of an 
important character in an entirely new direction. The exhibit was^ 
very complete, including a number of different machines for differ- 
ent purposes. They were designed in all their details in as complete 
and practical form as possible, a characteristic feature of many of 
the American exhibits. 

The principle is, that the two ends to be wehled are bnmght to- 
gether, and a powerful current passed through the contact at their 
junction ; owing to the resistance of this imperfect contact, the 
metfil is heated very rapidly at this i)oint and in its immediate vi- 
cinity until a welding heat is reached, when the pieces may be pressed 
together slightly. The welds are necessarily always '*butt'' welds. 
The cooling action of the clamps, and the fact that the high resist- 
ance due to tln^ high temperature keeps generating more heat there, 
both ten<l to keep the heat confined to the immediate vicinity of the 
joint. 

The nuichines, in general, consist of two clamps of copper for hold- 
ing the pieces and for conducting the current to and from them ; one 
of them may be moved parallel to itself by a lever or other device. 
These claini)s with the piec(»s to be welded form part of a large trans- 
former, of which they are a part of the secrondary coil which has 
only a single winding, consisting of a large ])ar of copper;. the con- 
tact at the weld forms a short circuit to this coil. 

In all of the machines the current was started, l)roken, or regula- 
ted by switches and resistances in the primary circuit of the trans- 
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former, or in the exciting current of the dynamo, thereby avoiding 
the use of all switches, etc., in the low-resistance circuit of the weld- 
ing current. 

There were four machines exhibited ; the large one, for iron bars 
from 1 to 2 inches in diameter, consisted essentially of a large trans- 
former, a separate alternating-current dynamo, and an exciter for 
that dynamo, the exciting current being controlled and regulated ])y 
the operator at the welding machine. 

The second one, for ^ to 1 inch ir jn bars, consisted merely of a 
transformer, and is intended to be used when the current can be taken 
from the general mains of a system of alternate-current distribution, 
in place of using a dynamo and steam power. 

The third one, called the direct welder, for i to ^ inch iron bars, is 
for use with power direct, and consists essentially of a small dynamo 
with an armature similar to the old Siemens H armatures, having 
two windings, a very coarse one in which the alternating current was 
not redressed, and which was connected directly to the clamps, and 
the other a small one in which the current was redressed and formed 
the exciting current for the field. The dynamo was situated imme- 
diately under the working table, thereby reducing the length of the 
leads for the welding current as much as possible. 

The fourth was a small automatic welder for copper wire from Xos. 
to 10 B. & S. It was arranged to automatically open the circuit when 
the weld wjis finished, that is, as soon as the softening of the metal 
l)ermitted the clam]) to move forward a slight distance. It was ar- 
ranged with a small transformer, and was especially adapted for 
small chains and similar work. The current was regulated by a 
*' choking" coil (see ** Accessories"). Many of the details that can 
not be included in this short description are very ingenious and are 
arranged very practically to make the operation as simj)le and rapid 
as possible. 

Among the chief advantages claimed are the great simplicity and 
rapidity of the operation, the perfect nature and reliability of the 
weld, the clean form of the weld reciuiring little dressing after- 
wards, its application to short pieces and in general where other 
methods fail ; also its use for welding metals that could not be 
welded by the ordinary methods, replacing therefore the usual sol- 
dering. 

The exhibit included welds of the following metals: Gold, plati- 
num, silver, copper, aluminium, bismuth, cobalt, nickel, antimony, 
zinc, tin, lead, wrought iron, cast iron, magnesium, German silver, 
brass, and steel ; also welds of nickel with iron, iron with steel, 
gold with silver, x^latinum with gold, brass with coi>per, iron witii 
brass, German silver with iron, brass with German silver, German 
silver with copper, also lead with other metals. 

Applications, — Among the uses to which it is already applied in 
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practice are tlie followiiig : In chain welding, in steel tube welding, 
in wire-drawing establishments, for joining hauling cables, for car- 
riage fittings of all kinds, for pipe welding up to 5 inches in diam- 
eter, in making homogeneous tubes for ice machines, in pipe bend- 
ing, for making springs, for joining bands for bales and boxes, for 
splicing band saws, for making carpenter's and machinist's try 
squares, etc. It is also used for raising a collar or shoulder on a bar 
of iron by heating it in the welder and, while hot, compressing the 
bar lengthwise to enlarge the diameter. 

A machine is also being constructed for riveting, in which, the 
two clamps are replaced by two heavy pieces of copper with conical 
holes, facing each other ; the rivet becomes heated at its ends where 
it touches these two holes, the large size of these metallic pieces pre- 
venting them from becoming so hot as to become welded to the rivets. 

Power consumed. — The following table gives some data regarding 
the power rec^uired for the welds, also some deductions made there- 
from by the writer, which may be of interest. The welds were made 
with wrought-iron bars of dift'erent diameters ; the energy was that 
delivered to the x^rimary coil of the transformer ; the current and 
potential are those at the weld ; the former was measured at the 
weld an<l the latter was calculated from the energy in the primary 
coil, allowing about 1^0 per cent eiliciency for the conversion. 



DlaniettT 

of wroujfbt 

iron bar. 


Kilowatts 

in the 
primary. 


Inchfs. 




•.» 


Ul.ti 


2 


f>'i. ^ 


il 


31.2 


1 


13.0 




12.4 




7.K 




7.5 




4.1 


1 


3. :> 



Time. 


Units of 
heat con- 
sumed. 


Potential 
at the weld. 


Current 

through the 

weld. 


Sees. 




Volts. 


Amperea. 


50 


2,90i> 


2.00 


27.000 


58 


2,900 


1.98 


24.000 


144 


4,300 


1.74 


16,000 


43 


530 


1.51 


7,750 


44 


530 


1.74 


G.400 


33 


250 


1.4« 


4,800 


y> 


250 


1.52 


4,500 


18 


70 


I.IG 


3,200 


21 


iO 


1.12 


2,800 



Strength of the trehi, — In the opinion of the writer too much 
stress is often [)ut on the fact that there is often a loss of tensile 
strength at the weld, as the most important advantages of electric 
wehliiig are thereby overlooked. The chief advantages of electric 
welding mv giv(»n above, an<l the strength of the weld is in most of 
cases of small importance as compared with the other advantages. 
At the same time official tests show that the tensile strength per 
scjuare inch is in many cases not reduced very much, and that what 
loss there is is due in manv cases to the fact that the metal has 
be(»n heated, and not to imperfections in the weld; without heating, 
■a weld can not be made. 
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A proper comparison, therefore, would be betweeu a weld and a 
similar bar which has been heated. Such a comparison can b(^ re- 
duced from the official tests made at the Watertown Arsenal, which 
are included in a paper on electric welding by Woodbury in the trans- 
action of the American Society of Mechanical Engineers, Vol. x, No. 
cccxv. By comparing proper samples in these tables it will be seen 
that wrought iron, copper, and brass bars have practically the same 
tensile strength per square inch before and after the weld, the l)ars 
(except the copper) which were not welded having been heated. 

The weld can evidently be made stronger than the rest of the bar 
if it is slightly enlarged at the weld, which in many eases, as in chains, 
for instance, is not an objection. Prof. Dolbear states: ''I had a 
number of bars welded by an expert blacksmith and a number of 
similar ones by the electrical process for comparison, with the results^ 
that the electrically welded bars were much stronger than those 
welded by the ordinary process. The bars were of various sizes, ujv 
to an inch and a half for iron and three-fourths of an inch octagon 
st^." 

Bernados process. — The Bernados process of welding by the elec- 
tric arc was exhibited by the Soci^td Anonyme pour le Travail des 
M^taux (French section). The current was obtained from a large 
battery of accumulators, of 75 volts and 200 amperes. The carbon 
rod held in the hand is connected to the positive pole, and an iron 
table on which the welding takes place is the negative pole. The 
carbon is about half an inch in diameter, and is j)rovided with 
a suitable handle, a flexible lead, and a heat shield to protect the 
hand; the o^^erator uses a blue-glass screen. The arc is very long, 
and the prcxjess occupies considerably longer time than the Thomson 
process. The writer found that it took from 3 to 5 minutes to 
make a weld of a piece of iron ^ by li inch. The joint must ])e 
hammered, as in a smith's weld. As the metal is burnt and brittle 
where it is welded, the process is not a success. Its only commercial 
application at present is to weld nickel tubes to iron ones, for the 
tubes used in glass-blowing. 

APPUCATIONS OF POWER. 

Bon & Lustrement (French section) operated one of the two trav- 
eling cranes in Machinery Hall by means of an electric motor. 
The single motor and generator were both series machines ; the 
former turned always in one direction. The three operations of 
moving the crane bodily on its track, of moving the lifting mechan- 
ism on the crane, and of raising the weight, were all done by means 
of conical and cylindrical friction wheels; the reversing and chang- 
ing of speed were all done mechanically, the motor being run con- 
tinually at a constant speed and in the same direction. The me- 
chanism required to do this was therefore much more complicated 
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than if it had been done electrically, as with the motors on an elec- 
tric railway. The cnrrent was taken from two bare wires immedi- 
ately alongside of the track. 

Megy, Echeverria & Bazan (French section, silver medal) operated 
the other traveling crane. It was quite similar to the first only tliat 
a different kind of friction clutch was used. 

Chr(^tien (French section, silver medal) exhibited an elevator 
driven by electric motors. The electrical system was, as in most of 
these power transmissions exhibited, a simple series system with 
series wound motors. There were two motors in series driving the 
roy)e drums by means of worm wheels. Tlie leads pass through the 
elevator shaft as four bare strips against which slide the brushes of 
the car, which contains the switdi and the resistance for stai*ting. 
( )ne of these strii)s is in some x^laces l)roken into a number of short 
l)ieces which are connected by resistances which are put into circuit 
automatically by the car as it passes this point. These are located 
just Tiefore the stopping places, so as to sto}) the motor gnwhially. 
The motors turn in two directions and have a mechanical device for 
.^liifting the brushes on reversing. There is a weighted brake on 
each motor shaft held off by an electro-magn(?t in the main circuit. 
The brake is therefore automatically applied as soon as the current 
is stopped, intentionally or accidentally. 

Sperry (United States section) exhibited a horizontal mining drill 
oj)erated by an electro-motor. The drill moves axially and strikes 
with a blow. The essential feature is that the motor merely pulls 
th(^ drill ])ack against the action of a strong s[)ring and then releases 
it, tliereby allowing it to strike with a sharp blow. The blows are 
in very rapid succession. The motor is an (ordinary rotary one, the 
r(»ci{)rocating motion being [)roduced by gearing and a pawl. The 
whole is balanced on two low wheels. For an illustration see Elec- 
trical World, June 15, 18SI). 

Hillairet (French section) exhibited a mining drill, of the rotary 
type, which was connected directly to the shaft of the motor as a 
continuation of it, the motor being supported by a toggle joint in a 
tri 1)0(1. 

Renard (French section) exhibited a motor as ap])lied to propel- 
ling the great military balloon *' La France." It was intended to be 
run by batteries. The arrangement exhibited was an experimental 
apparatus to measure the turning force and the axial thrust of the 
fan-shai)ed air ])rop(.»ller. The whole mechanism wa^s supported so 
that these forces could be balanced by weights on lever arras and 
thereby measured. For a description of the j)i-imary battery, see 
under that heading. 

Trouve exhibited, among many other applications, a small boat 
(not in operation) driven by an electric motor from bichromate bat- 
teries. The peculiar feature is that the motor was secured to the 
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\> nf the i-udiipp and was geared directly to tlip propeller l>y cliniri 
>ariny. llif proi»cIIi'r liohig alao in tlio riiddur itsi-ll'. It ia uut clear 
KlinL siKH-iai advantngfs thia is intended to luive. (.-xcept in tm-uiiig. 
'illi u, itu'tor luiviiig two armatures inclies long, he obtained a 
H knots ftn liciur. Ho oxperi [minted with olectricai Jiaviga- 
lie Seine lis early as ISSl, Xo flgurt's of importance ciiiilii 
i obtained from the attendant of the exluhit, Imt aa a primary bat- 
(ry nf the well-known forms was used, the quantity of power car- 
ed (.'ould not he very great, and would necessarily be very expensive 
p account of the materials conaumail. For fiome additional remarks 

■primary Battwes." 

lUeprez (Freufh sertion) exhibited a number of applications of 

jetrical power. One was in th« form of a drop hammer in which 

jjcoil around the hammer shaft was intended to lift the hammer by 

a magnetic action of drawing it into tlie coil. It was not in opera- 

rrane attached to the hammer to hold the material was also 

berat«d ulectrieally. All switches were controlled by one operator 

I the hammer. Another application was a sort of i-evulving cap- 

1 having a motor underneath it to turn it. It is used by some of 

• French railroail companies for drawing cars over short distances 

X drilling a train, whure horses were foniiorly employed. 

FOuyenft (French eoction) exhibited a traveling crane and a wind- 

di^igneil for use cliiefiy in etorehouses. The electric motor 

Sbs pivotcl so lis to be movable nlightty parallel to its shaft. One 

nd of the shafi wa^ a siinill cylindrical friction imlley which drove 

» large d^mble-rinnncd pulley in one direction or the other according 

i it was pressod on to t)ie inside surface of the annular rim or on 

^Itn outiride surface of the other rim; this was effected by moving the 

irbolf dynamo by a conveniently arranged lever. The whole was 

u-y practicalty arranged, but loaves little to be described from an 

rtrical point of view, 

Sautter, Lemontiier & Co. exhibited a complete outfit of an engine, 

lamo, and projector, which is used on the vessels passingtbi-ough 

e Suez Canal. The engine and dynamo are together on the same 

3 plate, and can be installed on a steamer in HI minutes. A local 

[oDnipuny rents these outfits nt £10 for erne passage. It isstated that 

i per cvnt of the vessels paws at night, with the electric light, in 18 

ipurs. The authorities are said to require every vessel thai jiiisses 

i night, to carry un electric light or projector enabling them to see 

Ediatance ahead of at least l.'Mi meters (about 4,iX)U feet). 



fThe object of thesi^ miichines is to sepamte |)articles of iron or 

tar magnetic matter from any non-magnetic matter with which 

y are mixed. They are usihI largely in the arts, chiefly for the 

Ulovnug purjioses: In mining and metallurgy forthe seitaratiou of 
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the mineral magnetite or magnetic iron ore from its accompanying 
minerals; in machine shops and foundries, to extract the iron from 
filings, turnings, aixl chippings (an operation which is often doneby 
hand, but which is very injurious to the health of the workman on 
account of the fine copper and brass dust); in flour mills to extract 
fragments of iron from the grain; in the manufacture of white zinc ' 
oxide, to extract magnetic impurities; in numerous industries, to ex- 
tract pieces of iron from crude materials to which they have been 
fraudulently added to increase the weight. 




The gcnerui principle of all these machines is that the material in 
the form of sand, powder, or small particles, is made to pass over or 
iK-ai' jxiwerfnl magnets which attiact the iron particles or the mafj^- 
notic iron ore, an<l allow all the other materials to pass by, thns af- 
fording a Very good, sini]ile, and reliable moans of effecting a sep- 
aration. 

There were three nf these maehine.-' exhibited, one each from 
France, the United States, ami Belgium, differing only in the maimer 
in which this jirinc-iple was applied. 
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Chftrlt!»Vftviri(Frtni.'li suction, brtiiizbineilul) oshibitoltUo mac liiue 
ibuwo in the (wljoiiiiiiK cut. Fig. IC. The tnatorial falls on the two 
h-utnfi, ae sliowii. Each drum is made of four wheels ; thp spofces. 
I n, of ihi'se wheels are permanent magnets, having their like poles 
ht theoivnnmference, and there connected in common loan iron ring, 
(phich, therefore, forms one of the magnetic poles on I he surface of 
'jihfi flrom. Tlio four wheels, making one drum, are alternately of 
lorth and of south polarity, forming, therefore, strong magnetic 
Eelds all over Ihe surface of the drums. The material falls, as 
fliown, over these drums revolving at the rate of thirty-two revolu- 
i per minute; tliat which is magnetic attaches itself to these 
pmms and is brushed off by the revolving brushes C and D. The 
pliject of two drums is to repeat the operation to make the separation 
ion- tliorough. This is probably necessitated by the fact tliat per- 
tauuent magnets are at their be^t not very strong. 

Its working capacity is said to be t>60 ])ounds per hour; it requires 
biie-ifixteenth of a horse power, and can !« turned by tiand, Theie 
e over five Iiundred of them in use. It has the great advantage 
bver the others in that no battery or dynamo is required to gener- 
ate the magnetism, us the magnets are permanent. It appears to be 
pseil chiefly in machine shops. 

The Edison sorter consists simply of a hopper and a huge electro- 

magnet. The material falls continuously, in form of a sheet; from a 

lOg. narrow slot in the bottom of the hopper, and in its fall it passes 

by and near to the pole of the large magnet, hut does not touch it : 

"lat material which is not magnetic falls perfectly vertically, while 

Ihat which is magnetic is attracted toward the magnet and is thereby 

eil from its vertical oourae, falling on the other side of n parti- 

II which separates it from that which falls vertically. The advau- 

« are that the process in very rapid and requires no jmwer except 

» current for the magnet. The disail vantages are that a battery 

r a dynamo is required and that only a certain class of mat«riiil. 

Itu^ a* sand, can he made to fall in front of the magnet in the form 

a thin sheet. Probably for this reason it appears tfl be used 

hieAy in mining, fur separating the magnetic iron ore from its ai'- 

tomjiauyiug minerals. It is claimed that black sand, found in so 

iftny places, as well as other iron ores which are too tjoor to he 

prorked by other methods, can be worked to great advantage by this 

machine. 

In Jasper's sorter, exhibited by Eschger, Ghesquifere & Co. (Bel- 
riiR] section), the object seems to be to obtain an exce«*diiigly 
toteniie magnetic force, and it appears to l»e used chiefly in the manu- 
tutureof zinc and zinc oxide. It consists of two iron horizontal 
Uwa, side by side and almost touching each other, somewhat 
lemhliug crushing rollers. The en'ls of these rollers, next to their 
Ktrings. p.^•^s through fixed coils of wire through which a current is 
H. Ex. HO— VOL. IV " 
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pjissed, wliidi magiu'tizo.s them so that theoiuj roller is a north pole 
at the exposed portion between the coils, and the other is a south 
pole. The narrow space between them is, therefore, an exceedingly 
intense liel<l. The material is made to pass between these rollers at 
this place, the rollers turning in the opposite direction to that in 
which they would turn if they were intended to crush the material. 
The magnetic particles, therefore, attach themselves to these rollers, 
are carried out over the rollers and scraped oflf by means of scrapers, 
while the non-magnetic material falls through the space between 
the rollers. As the bearings must necessarily be magnetized by this 
disposition of parts, there will doubtless be considerable friction 
l)roduced. Its capacity is stated to be 4,-iOO pounds per hour, and it 
re^iuires 2 horse power. 

n^LUMINATED FOUNTAINS. 

The most effective decorative display of electric lighting and its 
advantage over other lighting was shown in the very attractive 
illuminated fountains on the exhibition grounds. They were not 
only the chief and very effective attraction in the evenings for the 
general public, but were of considerable interest from a technical 
point of view. 

The finest part of the fountain was the same that was used in 
the Glasgow exhibition of 18S8, and known as the Galloway fountain 
(English section, gold medal). As it has been described in the 
t^^^chnical journals it is not necessary to give a detailed description 
liere. 

The principle of the illuminatinn is that a powerful beam of light 
is i)assed verticJilly upward through a hole in the toj> of a tunnel 
under the fountain, the hole being covered by a glass plate .ibove the 
water level. Above this plate the ji^ts are arranged so that the 
wat^r passes up through this beam and remains entirely within the 
vertical conical space illuminateil by the beam; it thereby becomes 
highly illuminat(M.l, while the bt»ani of light itself is quite invisible, 
the glass i)lafe and jets being hidden from view by some decora- 
tions aromul thi*ni. 

The effect is exceedingly striking «'ind beautiful. Glass plates 
of «lifferent colore were moved into the beam below the jets, 
thereby coloring the light: all these, as also the valves for play- 
ing the jets, were under the complete control of the r»perator and 
were controlled -with the greatest facility ; the lights are powerful 
00-ampere arc lamps with reflectors or lenses or both, to give the 
rays of the beam the proper direction. There were thirty-three of 
ihem, which, together with fourteen t»thers, re<[uired 300 hoi*se 
jKTwer. Tlioy were all hand regulators. 

Another system wjis also tried, but it was not a sticcess ; it was 
intended to bo an applicatii>n of the well-known physical exi)eri- 
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ment of internal illumination of a clear jet of water issuing horizon- 
tally. Although the jet was illuminated it was so only for a 
short distance, when the light was dispersed. The same w«a.s tried 
at the Philadelphia Electrical Exhibition in 188-4, but was abandoned 
as unsuccessful. An illustrated <lescription of this Paris fountain 
will be found in the Electrical World, June 15, 1889. 



II.— TELEGRAPHY AND TELEPHONY. 

TELEGRAPHY. 
GENERAL. 

With the exception of a few exhibits, there was comparatively 
little of special interest as a novelty or an important departure in a 
new direction. The exhibits showed little more than the natural 
progress of an already well studied and well developed industry. 
The progress shown was almost entirely in details and in the grad- 
ual development of existing systems and apparatus, rather than in 
the introduction of entirely new ones. Telegraphy has already 
reached such a high degree of perfection and development that fur- 
ther progress is necessarily slow. 

Among the new departures from the usual systems may be men- 
tioned the telautograph of (Jray, for reproducing the movements of 
a pencil; the steno-telegraph of Cassagnes, which is based on ste- 
nography; the train telegraphy of Edison, based on static induction, 
and an attempt at telephonography by Lambrigot. If some of tliese 
should develop into important systems they would be more likely to 
create new fields for telegraphy than to replace the present systems. 

Among the more important recent developments of existing sys- 
tems may be mentioned the Wheatstone automatic system, the 
duplexing and quadruplexing of the more complicated systems, the 
Baudot multiplex, and some harmonic systems. Of these, i)robably 
the most imjx^rtant is the Wheatstone automatic, whicli has now 
been increased to six hundred words per minute, which is from tliree 
to four times as fast as one can speak or transmit through a tele- 
phone. It is duplexed up to four hundred words, and is tlierefore 
a formidable opponent to the multiplex systems. 

The telephone, as a sounder, is coming into use more and more in 
numerous systems. 

In the citv of Paris itself messages are sent almost entirely bv the 
pneumatic-tube system, in preference to electrical transmission. 
The former presents many advantages besides being very cheap and 
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lanical coulrrilling appnratus m'iim beiiif^ siihst.itiitM fur tln' oliH-- 
pcal. In some of th« largur statioiis powt-r is lioiiig iiitroducL-tl, iii 
B fortu of gas, steam. watBi', or otlior motors for winding up th" 
Bights. Several exhibits wei-e t^hown for facilitating this wiiiJiiig 
[I of the jKiwer weight. A moJification iiitroduced on some iiistni- 
8 a double type wheel printing a duplicate message for vn- 
Jona purposes, such as press dispatches, fur iustauce. 
■ Wiinscheiidorff exhibited a cam attachment to the type wheel, fur 
fatomaticnlly moving a contoi^t spring for making contact with » 

charging battery, 

mSsUrnne systpm, — lu the system devised by E!siieiine (French sei'- 

lon. honorable mention), the usual horizontal dots and dashes are 

Bplaced by a short and long vfriicnl Hue. respectively, priuteil on 

9 tape by pf)8ttivB and negative currents. The advantages claimed 

3 that the two signs have the same duration and are therefore in- 

ipendent of retardation, which therefore simplifies the automatic 

jismiseion: that the reading is simpler, the tape shorter, and the 

jices for error less. It ia also more rapid, and therefore iu- 

s the capacity of a line. The key is a double one, sending pi>si- 

B or negative cun-ents to line, in place of dots and dashes, i-e- 

sctively. The receiver is an ink writer, having a polarized armn- 

9 which prints n short or ii long mark according to the direction 

Jthecurrenl. They are use<l in Germany and have been tried in 

e on underground lines and sea cables, as alao from Paris tti 

ferlin. But it waa found that they were not altogether satisfactory. 

I they get out of order easily and ref^uire much regulation. The 

1 is only slightly greater than that of the Morse and eousidera- 

t inferior to that of the Hughes, 

I Herodote vi'idilication. — Heiodote modifietl the above system by 

making a small addition only to the usual Morse printer at present 

in use in France. He added simply another magnet and pen, but 

with a polarized armature, which printed vertically above the other, 

H>th of them printing vertical lines instead of horizontal. For a 

witive current only one of them printed, while for a negative cur- 

int both printed simultaneously, producing therefore a short and a 

; vertical sign similar to those in the Estienne, Neither of these 

^sterns is, however, new, as an Englishman named Herring sug- 

St«d a similar system of vertical signs with reversed currents as 

■rly 

Ipennanent charge s^i/siem. — An ingenious system of Bouchard 
inch section, honorable mention) enables the number of cells 
3 to be reduced to one-half, in a certain sense, by using half the 
^mber of cells at one station and half at the other. An eijual uum- 
r of cells is at each end of the line, with like poles to line. The 
idtng key hasan attachment to it which, when the key is depressed, 
^erHeo the pt>les of the sending battery, thus putting the two in 
ries for the moment, andthoreby sendiuga current to line. Though 
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ingenious, it can not well be adapted to lines which serve several 
different stations, which is often the case. 

Stejio-felegraphy, — An interesting departure from the usual sys- 
tems of telegraphy was exhibited by G. A. Cassagnes (French sec- 
tion, silver medal). The principle of this system is that instead of 

Steno-telrgraphic dispatch. 
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Fio. 19.— TranfUatloD of the 
characters into letters. 



telegraphing letters as usual, he telegraphs characters representing 
tlie sounds composing the words. The advantages are, tlierefore, 
similar to the advantages of stenography over the ordinary writing. 
A message can thereby be sent as rapidly as it can be spoken. As 
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it takes miu-h less time to transmit the characters representing the 
sounds, than it does tlie letters, the carrying capacity of the lines is 
greatly increased. 

The system is briefly as follows : A band is p<>rforated with holes 
representing the sounds ; this is passed through the mecluinical 
transmitter, which sends corresj>on<ling signals to line; on the re- 
ceiver these signals are recorded as printed signs, which are then 
readily translated into the usual letters. Figures, 17, !><, and l!i, 
will sliow the different stages of a message. A short paragraph 
from a daily paper was selected at random by the writer and was 
read to the oj^erator about as ffist as one would talk ; the band was 
l»unched, transmitted, and retranslated, each about at the same rate. 
The ])aragraph which is given below contains 40 words and was read 
in ab^»ut fifteen seconds. The first band, Fig. 17, is the one punclied 
by the stenographer; tlie one next to it. Fig. 18, shows the corre- 
sponding characters as received, and the third one. Fig. 19, shows 
the message as translate<l from the second, by an operator on another 
mjichine. The paragraph is as f callows: 

LES AFTAIREri COrRANTErt. 

Enfin le coTist-il s'est occinW» de regler les affaires ooiirantes et notaminent ile la 
ivx:ularisat.ion <io (juel<|iips tleiTets <Iont la signature avait et^ retiirdee par suite de 
I'abseni'e de M. Constans, ministre de Tinterieur. 

The first instrument, the ]>erforater, is based on the principles of 
the Michela's stenographic machine, and consists of twenty keys ar- 
ranged like those of a piano, which work twenty punches. These 
are worked witli both hands by the stenographer, different combina- 
tions of the keys representing the different sounds. It is claimed that 
with this machine a skilled operator can stenograph '^OO words per 
minute in any language. 

The band thus punched is shown, lialf size, in Fig. 17. This is 
then passed through the mechanical transmitter which sends alter- 
nate positive and negative im{)ulses to line corresponding to the ]>tM'- 
f orations. These are sent over a single lino by means of any <-onve- 
nient multiplex system, the one employed being the synchronizing 
system of La Cour, known as the phonic wheel, which is too w(*ll 
known to require description here. By means of it the twenty dif- 
erent impulses are received by as many corresponding relays at the 
receiving end, which oj>erate the printer. 

Every turn of the synclin)nizing wheel represents one line in the 
message illustrate«i above. The message thus received and shown 
in Fig. 18 is then translated into the usual written language. Fig. 
19 is a literal translation of the characters in Fig. 18. It is claimed 
that 15 days suffice to learn to read the tape fluently and about G 
months to stenograph at the rate of 150 to '^00 words per minute. • 
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Josides the speed of traiisiuissiou over the wire itself, the addi- 
tioiiJil advantage cbiimed is that of the speed of preparing tlie mes- 
sage for transmission. It is in this feature that it excels the Wheat- 
stone automatic system. It is claimed, for instance, that the tii'st 
sentences of a speech begun in Paris at 2 p. m. could be composed in 
a i)rinting office at Marseilles (fibout 5-40 miles distant) at 2.10 p. m., 
the stenographer always following the orator. Such a speech could 
be printed and distributed simultaneously in Paris and Marseilles. 
Experiments have been made on the French lines, in one of which, 
made in October, 188G, the following results were obtained : Up to 
2:20 miles, 24,0(X) words per hour ; up to 400 miles, 17,000 words ; up 
to 509 miles, 12,000 words. The chief use would appear to be for 
press dispatches. As to actual speed of transmission over an average 
line? it does not appear to exceed that of the Wheatstone automatic 
system, which is in use largely in England at the rate of 300 words 
per minute, and which has the additional advantage that the words 
are spelled as usual, thereby avoiding many possible errors. 

Embossing ami translating system. — In the EJdison embossing and 
translating system the record of the transmitter is made in the form 
of a spiral groove on a circular revolving disk, by indentations in 
these disks. These may then be put directly into a transmitter for 
automatically repeating the message onto another line. 

Train telegraphy. — The Edison-Smith system of telegraphing to 
and from moving trains consists essentially of a key, a phonetic re- 
ceiver (telephone), and a high tension alternating current as pro- 
duced by an induction coil. The train apparatus is c<mnected be- 
tween the metallic insulated roof of a car and the ground, through 
the wheels. The action depen<ls on the static induction between the 
roof of the car and the fixed line wire on the poles alongside; and as 
the action is that of alternating condenser charges, it is independent 
of the regular Morse transmission on the same line. It is said to 
have been operated through an air space of 580 feet between tlu* car 
an<l the line wire. Edison suggests this system for the intercommu- 
nication between ships at sea. 

T( I e phonograph. — Lambrigot (French section, bronze medal) ex- 
hibited an apparatus called a telephone »graph, which is a combination 
of a telephone and a phonograi)li, by means of which a message may 
be sent over a line as a telephonic' message and recorded at the re- 
ceiving end on a j)honograph. This i)honographic record on a strip 
of paper may then be retranslated into articulate s])eech by means of 
a similar phonographic apj)aratus and telei^liont*. Its object is, thei*e- 
fore, the same as that of an automatic^ teleu:raph, namely, of increas- 
ing the capacity of a line ])y ra])id transmission and subsequent 
retranslation at the receiving end. 

The apparatus consists of a transmitter and a receiver: the former 
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a telephone, thelatter is a chemical phojiograpli of wjH'cial coiistnir- 
in. Jii appearance it rest-mlili-s the onliiiary niiginal phoiigraph, 
but tliLitin foil is repW'fil byapietf of tinned paper, anil the eugmv- 
iDg iiewlle IB rt'placeil by a fiseil pen. wliicli moves Hyhtly over tliis 
nper and is tillwl with a dycomposahle liquiil; this traces tlie usual 
^iral line over thL' paper. Tbeteleplioniclinecurreiit passes through 
liis I>en til the paper and dei'ompoees the liquid in exact proportion 
n the varying current strength. leaving an indelible record of the 
fcxidu of greatei or less depth and therefore of proportionate resijit- 
ataVii. This reoord is permanent, and may bo removed from the 
ipparatua. To retranslate it, it is placed on a similar phonogi-apli 
I whicli the pen is replaced by a light metaUic point. A current 
■cm a cell is passed through this point to the paper and through a 
Lephone. On turning the phonogiaph cylinder the variations of 
Jho resistance due to the different thicknesses of the oxide on the rec- 
prd produce corresponding variations in the current strengtli, and 
liereby reproduce the same sounds in the telephone. Very good 
Jesuits are said to have been obtained, though the apparatus as ex- 
bibited has not yet paased the experimental state. It has not yet 
i in practice. 

Autogmphic. — The apparatui* of Jordey in the French section and 
Ltlitt^ of Kdisou in the United States section, for transmitting far- 
jsimiles of writing or drawings, are already well known and were 
exhibited in the exhibition of ISfil. 

(tray's Tela utograph. — Among the most interesting exhibits of new 
lepnrtures in telegraphy were two small records of autographic 
belcgraphy exhibited in the personal exhibit of Prtif, Elisba Gray, 
1 the United States sectii^n, and for which, together with his his- 
torical exhibit, he was awarded the high honor of a grand prize. 
Facsimiles of these two records are given below (Figs, SO and il), 
liall size, and will explain themselves. 

The apparatus, though promised for the exhibition, was, uufortu- 
kately. not sent, nor could tlie writer obtaiu a description of it, as 
' e inventor was not ready to make it public. All that can be stated 
iere ia that the pencil of the transmitter is free to be moved in any 
jction within the rectangular space, and can even be lifted off the 
paper and started again at any de.sired place, thereby permitting line 
' uwings to be sent : tlie receiving pen will make precisely the same 
Movements, The two facsimiles below will show the almost abso- 
Itate identity of the transmitted and the original messages. It is be- 
haved that two line wires were recjuired, Imt possibly there was only 
Fig. 20 is tlie original pencil copy and Fig, 21 the transmit- 

1 ink copy. 
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AUTOMATIC TELEGRAPHY. 

The jnitomatic systems, in wliich tlie message is prepared in the 
l'(^rm of a jierforated band, wliich is tlieu jiassed rajudly through the 
transmitter, are coming into use rapidly and represent probably the 
most important <lirection of the development of telegraphy. As the 
Tnain object is to increase the carrying capacity of a line, it is to a 
certain extent a comp(»titor of the multi])lex systems and can in 
many resi)ects be compared directly with such systems. 

Historirdl. — The idea of the automatic transmission is not new. 
as was shown by an exhibit by the French telegraph de])artment of 
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A^^^^^^^^^^^^^^^^ ttOt/oi^uJr oCiiLa/nJC d/nj. 

an apparatus i«f Ohauvas<»aii;ne. of 1S«I5, in whidi the Morse char- 
aotrrs Wfn* printt^l witli a resinous subsiance *^\\ a metallic baud, 
whiv-!i was then i»ass»*tl ;;ndrr w vN^nta^'t brn>h. Tlu* receiver was an 
f uvrnvlu-mita! « »:.!•. Ojn' .•:* :{.»• tirst M«»rs»- sy>T»Mns was also au 
automatic i»iir. the Tn»'>sairf' ';«e:!:u' >»T up in tyi^es representing dots 
a::! •4asii0>. ^v■i:•.c!l wer'- tiu!i passe.; under a make-and-break contact. 
T'::'- !iii*st i:r.i">r:a!:: ••!" ::.«*>»• avitiinaTic systems is unquestionably 
tV.r W:.ea:sU'no. wiii, V. :< ;i"ve:i«;v \\\ ;;se laiiTelv in Emrlaml and. to 
M V..' ' x:e:i:. in Frar.n . W::V. vt . . :.: iir.ir. ^vi Tr:e!its it is enabled to 
:ra:. >::::: as ma* y as ••* w t is i-tv mi:.'.;!r. usni alone, and 400 
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wlieii .lii|)lfxt>(l. The former would replafe .'SO opevatoi-s at 

B ordinal^' receivers, at 20 words per minute. The normal run- 

ng rate in England is 3tXi words per minute. The apparatus was 

2)ibited Ijy Elliott Brothcra, of Loudon (British sfctioii, grand 

»), and represient-a n rery hiyh deyrw of perfection in fine work- 

uhip, in whitih it crin he comimred only with the workniauship 

tfine watches, 

iTbe general principle of the apparatus is briefly as follows : A tai>© 
(Tpreparwl hy the punching apjiaratus shown in Fig. 'i'i ; the three 

:, ■mx. /i/i^ 

/TKA.M. 4Ayry<,Kj^i(X:iK/njitnjLdL, 

Fiu. W — (ii™>'ateliioiogni)>li. Tin' ui«««it:v usn'Otlvwl; mli tiiw, 

uDbs represent dots, dashes, and sjiarps; tbe middle row of holes 
Miich 18 regular) is for feeding the tape through the transmitter: 
B two tratsido rows repreeeiit the dots or dashes m'cording as the 
■o holes are vertically over one another, or as one is in advance of 
• other. 

"ho tape, thuji prepared, is foil into the automatic transmitter 
n in Pig. 33, througli which it is carried by a rapidly revolving 
I driven by a weight at the rate of WW words per minute, or 
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about four times as fast us tli'.' mwsaiige fouM b':' .tjioki-ii. The tiilK 
thereby passes over two contact springs, whioli send ajKwitivi- 
negative current to line acoonliujf as there aro pt?rfortition« on i 
side or the other; when tiie two follow one another alnuwit in^ 




Ho. W-— MTiwitBt' 



Pla.'Q.— WhMMto 



a dot is produced on the ruceiver, and wlien they are not O' 
other a dash will be produced. 

The groat rapidity of the Kuccessioti of tjie currents is renU* 
possible by the fact that the litte U discharged every tiiu« by t 
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tVpntc«l curn'iit. Sparks at the contacts aro avoiJeil l>y Biuall con- 

isern of uue-t^^ntb miurufarad placed in derivation lietween the 

ismitter and the line. 

f In the receiver shown in Fig, 34 a tape is, by s'milar mechaQiBm, 

»wn through very rapidly, [Missing under a very light ink roller, 

M'lUch is uporatcd by the receiving magnet. The retarding effect of 

e cloctroiuagnetio inertia i if the receiving magnet is reduced by 

y addition of shnntfld fi nnlensera. For distances nvor ;fO<) miles 

Eiys must be used. Tho exliibil inohniwi these rehiys. as well as 

scial condensers and resistances for balancing the lines without 

lerrnption of the message when the line is working as duplex. 

The Apparatus, though simple in principle, is quite complicated in 

wtriiction and can not be describe"! here. For a deacription of 




i recent improvements see the fiaper of Mr. W. H. Preece, read 

rfore the British Association for the Advancement of Science, Sep- 

inber 5. 1K«7. 

I Meyrr Auhimalic RepeiUer. — In tho Wheatslone system, if a mes- 

) is to 1>e retransmitted on another line it is neces-sarj' to trans- 

I It and perforata another tape, which is a causa of delay and 

eand iatrodui-es errors. To avoid this Meyer has modified 

B system so that the receiver not only prints the characters, but at 

e same time punches it^ tape with holes, so that it can be passed 

sctly through anolhtr automatic trausmitter. The iuk record is 

1 this system in long and short vertical lines, as in the Hero<lot« 

, di>8(Til>ed above, and is accompanied by the corrcapouding 

rforationK. It is stat«d that with this eyBtem one hundred di&- 
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patches per hour can be transmitted, which, as will be noticed, is very 
considerably slower than with the Wheatstone apparatus. It has 
not yet been tried in practice. 

Estienne Automatic. — The Estienne system, described above, was 
also arranged so as to be used as an automatic apparatus with perfo- 
rated tape. But both this and the Meyer have the disadvantage that 
the current is not necessarily reversed for every impulse, as in the 
Wheatstone, and that the speed therefore must be considerably less. 

Hughes Automatic, — Modifications were devised by Nault and 
others by Parment for making the Hughes apparatus automatic. 
Though ingenious, they are too complicated to be described here. 
Those of Parment were to a large extent only in the form of draw- 
ings. 

References. — Thf embossing system of Edison, and the stenotele- 
graphic system, both of which are described above, might be classed 
under this heading of automatic systems. For an automatic trans- 
mitter for cables see *' Cable telegraphy," below. 

DIPLEX SYSTEMS. 

In the diplex systems two messages are sent simultaneously in the 
•same direction. Sieur exhibit^fd several methods. In the first a 
rapidly revolving toothed wheel at the transmitting end connects 
the line alternately with the i)ositive and negative poles in very 
rapid succession. At the receiving end these currents pass through 
-a polarized relay with two armatures, one of which will resi)ond to 
a positive and one to a negative current. Each of the two n^ceivei-s 
operated by this relay will therefore respond to the signals from the 
positive and the negative keys, respectively, at the transmitting end. 
In the second method a relay has a double armature, one of which 
responds to a weak current only and one to a strong current. The 
two keys at the transmitting end send currents of diiferent intensi- 
ties. In the third method one message is sent by the ordinary direct 
current and the other by an alternating current. The latter is ])r»> 
duced by a tuning fork and an induction coil, and is again trans- 
formed in a similar induction coil at the receiver. The phonetic relay 
at the rt'ceiver has a double pc)larized armature, which in oscillating 
rapi<lly, due to the alternating current, will operate a s<.»under. The 
alternatintr current will not interfere with the ordinarv direct cur- 
rent transmission. 

DUPLKX SYSTEMS. 

In the duplex systems two messages are sent simultaneriusly in 
opposite directions. In one of the Edison duplex systems, operator 
No. 1 sends impulses ])y reversals of the current, which operator 
No. V* receives on a ])olarized relay. Oi>erator No. *i sends impulses 
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t varying (In- sftroii^tli of a (Hrwt curroiit. wliich operator N'l. 1 
»ivc« oil itu iiigeuiouM (loublf baimieoil n'luy. whit:li reapoEids only 
D changes of the ciirrt'iit ^trongth in one of thf magueta. but. not to 
Ibv&raabtof the curn-nl in both — that is, ni)t to tUe reveraed cut- 
renta of the trananiitter No. 1, 
In Another &<liaon system there is an induction coil having two 
Kondary and one jirimarycireuits. Tlie receiver is in the primary 
The receiving current passes through both the secondaries 
I the same direction, and tliereby operates the receiver; but the 
lending current passes through them in opiiosite directions, and 
%erefore ib>efl not n|>erate the receiver. To accomplish the latter. 
ihe sending current passes through the two secondaries in multt- 
^1o arc, through the one to line and through the other to on artifi- 
(dal line. 

In still another duplex system of Edison, called the phonoplex. 
me of the transmiflsions is by the ordinary Morae system, except that, 
H addition, a condenser shunts the receiver and the key. which there- 
fore does not affect this transmission. The other transmission is by 
lans of momentary high-tension currents and a telephone, the 
■ansmittera and receivei-a of which must all be between the two 
} stattona. The M^rse current is too gradual in its action to 
feet a sharji click in the telephone; while the high-tension current 
B too small in quantity to affect the Morse receiver. The high-teu- 
lon current will get to ground whether the Morsj key is open or 
l)Ii>3ed, owing to the condenser shunting the key. The high-tension 
' current is produced by a key which makes and breaks the local cir- 
cuit of a self-induction coil in the line circuit, the extra current from 
which will pass to line in order to get to ground at both ends, and 
, in doing so passes through the telephone receivers. The second 
iQsmtssion may be iutioducod between any two points on an exist- 
ff line. It is used largely in raOroail systems in the United States. 
• Hughes. — The duplexing of the Hughes apparatus by Ter- 
3 ia not new and lias already been esJiibited. The system used 
t present is that of differentially wound magnets, 
; PJionopore TeU-grniihij. — Langdon-Davies (British section) exhib- 
i system of telegraphy by means of an apparatus called a 
mopore." The object is to transmit independent messages over 
9 while it is being used for the ordinary Morse transmission. 
; interfering with the latter; also to diplex or duplex the 
tonopore transmission independently of the Morse transmission, 
i coabling tliree messages to be sent simultaneously over the 
s wire. This latter was exhibited in operation. 
1 the phonoiKire trauamission the sending key and the receiv- 
llgsomider or printer are the same as usual; the special ap^mratus 
Eerposed between the key and the Une is called the phmioporf, and 
lat between the sounder and the line is called the /raasforjMer. The 
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plionopore consists of an induction coil having one primary wire 
and two secondary wires. In the primary circuit is placed the send- 
ing key, the battery, and a vibrating reed, which therefore enables 
primary currents of a very rapidly intermittent character to be 
sent through the coil. One of the secondary coils has one end in- 
sulated and the other end to line: the otlier has one end insulate*! 
and the other end to ground. The connection to the line is such 
that this whole transmitter is to a certain extent in multiple arc 
with the ordinary Morse sender, but with the important difference 
that the phonopore branch is not connected to ground and there- 
fore does not affect the Morse transmission. The phonopore, how- 
ever, virtually grounds the rapidly alternating phonopore current 
by means of the induction or condenser action between the two in- 
sulated secondary coils, one of which is to line and the other to 
ground; this feature is the essential i)rincipleof this system, namely, 
that the phonopore branch is virtually grounded (through an insu- 
lator) so far as the phonopore apparatus is concerned, but is not 
grounded so far as the ordinary Morse transmission is concerned. 

The transformer is the receiving apparatus, the object of which is 
to receive this phonopore current only, and not the simultaneous 
Morse current. This transformer is connected, like the phonopore 
sen<ler, in multiple arc to the independent Morse receiver, and is 
virtually connected to ground through a double-wound induction 
coil, one end of each of whose coils is insulated just as in the phono- 
pore. It consists of a delicate relay, which is actuated only by an 
alternating current of the same number of alternations as that f roiu 
the sending end. This is accomplished by a vibrating diaphragm 
op]M)site to an electro-magnet, somewhat as in a hirgcj telephone, but 
tuned to the same number of vibrations, or musical note, as the reed 
at the transmitter. An alternating current of this frequency only 
will vibrate this diaphragm, an<l in doing so the diaphragm, in strik- 
ing against an ingeniously devised contact, will open the circuit of a 
relay, which in turn operates the usual {)rinter or sounder. 

Dujdexing or diplexing of the phonopore transmission itself, in- 
dependently of the ordinary Morse messages, is Jiccomplished by the 
usual harm<jnic system of having the reeds at the two stations of 
<iifferunt numbers of vibrations and their respective <liaphragms 
tuned to the same not^*. All th(? rest of the apparatus is the same. 
The advantages of sucli a syst^3m of increasing the sending capacity 
of existing lines are evident, and need not be enumerated here. In 
addition, the inventor claims to overcome the delicate balancing or 
synchronizing in tln» usual methods of duplexing and to accomplish 
other useful results l>y mt*ans of his phonopore. A moderately goixl 
th.*scrii)tion, well illustrattMl, may 1)0 found in The Electrician 
(London), A])ril T), iss!». The system has been introduced on several 
lines in England. 
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gUADRUPLEX SYSTEMS. 

The Edison ([uadruplex sysU»m is similar to the first one of his 
dupk'X systems described above, in which one transmissi(m is by 
reversals <;f current and tlie other by clianging tlie intensities of a 
direirt current. There are, furtliermore, two different strengths of 
currents used, by means of whicli this duplex is doubled. Tlie 
separation of these currents is accomplishe<l by an ingenious ar- 
rangement of the two keys and relays at each station as parts of a 
Wheatstone bridge. It is used largely in the United States. Then» 
are said to be over three hundred sets of these in use by the Western 
Union Company, which, it is claimed, saved them 8500,0(K) the first 
year, replacing 810,000,000 of extra lines. 

MULTIPLEX SYSTEMS. 

The principal multiplex system used in France is that of Baudot 
(French section, grand prize), which has undergone important im- 
provements since the Expositions of 1878 and 1881, and is now in 
use largely in France as simple, double, and quadruple. Though 
very complicate*! in its construction it is, like the Wheatstone auto- 
matic, quite small and compact, and in this it differs greatly from 
the large Hughes apparatus, which it is replacing. Among the recent 
improvements are the substitution of a small and very ingenious 
centrifugal regulator in place of the vibrating reed used before; 
the Siemens relays have been replaced by an original one, by which 
their number is greatly reduced; the translator, which was previ- 
ously mechanical, is now purely electric. For a more detailed de- 
scription, whicli could not be attempted here, see the technical jour- 
nals, especially La Lumiere Electrique. 

Mtilfiplex Hughes. — Munier exhibited a device for transforming 
the Hughes apparatus into a multiplex one; the one exhibited being 
a quadruplex. It is able to transmit 135 letters per minute, and as 
quadruplex it could therefore transmit about (),000 words per hour. 
Experiments made with it between Paris and Dijon proved quite 
satisfactory. 

RcuUophonic muUiplex, — Mercadier exhibited a multiplex system 
termed *'radiophonic," which belongs to the same class as the well- 
known Gray's harmonic system, in which the undulating currents 
produced by a number of vibrating tuning-forks of different pitch 
are sent through a common line and separated again at the receiving 
end by receivers of the same pitch, respectively. 

In the quadruplex apparatus exhibited by Mercadier, the trans- 
mitter is a piece of selenium called the radiophone, on which a ray 
of light falls ; this ray is intercepted by a constantly revolving disk 
Laving four series of holes around its circumference, producing 
H. Ex. 410— VOL IV 8 
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four sets of inlorruptioiis of the light. Tliis will change the vesis- 
taiice of tlie selenium acccjnlingly. and thereby produce correspoiul- 
iiig vibrations in a curnMit passing tlimugh the selenium. These 
holes ar«> sci'eenrd ])v four little movable screens, which can be 
moved by hanil or by a magn<'t and kt\v. The disk is kept nn'olv- 
ing at. a Constant speed by ajiy convr'ni'.'nt mot<)r. its speed being 
iuljustod by an acoustic method. When these screens are mi>ve<l to 
imitate the M*>rse characters, imimlses of the undulating current 
corresponding to that particular note will be sent to line and to the 
respect i ve recei vers. 

The receivers are telephones called by the inventor 'Mnonotele- 
phones," the <liaphragms of which are tunecl to the required notes, 
and rest **n three points corresponding to the nodal ])oints of vibra- 
tions. Th(»y are furnished with resonant boxes and ear tubes. It is 
stated that these monotelephones will distinguish between sounds 
ditfering by as little as half a tone, thus enabling twelve notes, ancl 
tlierefore twelve different messages, to Ix? sent simultaneously. The 
selenium radioplume may l.)e repla(vd by a thermic one, in which a 
microiDlione is actuated by the expansion and contraction due to an 
intermittent heat ray. 

In another svstem of the same inventt)r the transmitters are tun- 

« 

ing forks, each with a microphone and an induction coil, as usual. 
All these are prol)ably only experimental. 

MULTIPLE STATIONS OX ONE LINE. 

Limon, — The receiver of the call devised by Limon consists of a 
toothed wheel, having as many teeth as there are stations on the 
line; at each station one of these teeth is in connection with the call 
bell at that station. The wheels at the different stations are all 
turned together by a step-by-step motion, produced by a succession 
of positive im[)ulses of current from the transmitting station and 
received by a polarized relay. When tlie tooth of the wheel cor- 
responding to the desired station is reached, a negative current is 
sent to line by the sending operator, which operates a sect^nd i)olar- 
ize<l relay; this <'loses the local bell circuit of that particular station 
whos(^ bell isconnecte<l to that tootli. This negative current at the 
same time releases the wheels of all the staticms, allowing them to 
return to zero. 

(*lftttf/f' si/sff'm, — The object of the very complete system of calls 
devised by Claude (French section, silver medal) is to enable any 
one station of a series connected on the same line to call any oilier 
an<l then to put itself into communication with that one alone, to the 
exclusion of all th<» (Jtliers, and linally to put the circuits back into 
their original condition again. 

Thuapi)aratus at each station consists of a double [solarized relay 
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ami two dials. Tho double relay is in the line circuit, and consists 
of a ^^^ls{)ended double bobbin, capable of turning in tin* field of a 
strung magnet, one of wliicli bobbins n*sponds to a negative and one 
to a positive current. The dials are turned by clu<^kw()rk <-ontr«»lled 
by this relay. A certain number of positive impulses brings all the 
dials to the corresponding number ; this is follo\ve<l by a Jiegative im- 
pidse, and then by the number of the calling station, after which the 
two are in communication, all the others being excluded by the fact 
t hat tlieir receivers are cut out of the line circuit bv their dials. All 
the dials are l)rought back by one <jf the operat^>rs by sending a suffi- 
cient number of impulses to bring his dial back to zero. 

It is used chiefly for railroad and other similar service, in which 
a numljer of staticms are on one line. It has been in very satisfac- 
tory use for a year on the Paris, Lyons and Mediterranean Railroad 
])ctween Paris and Lvons, a <listance of about '.i20 miles, with eleven 
Stations, on No. 9, B. & S. gauge, iron wire. It is also recommended 
for similar telephone circuits. 

SUBMARINE-CABLE TELEGRAPHY. 

Hughes. — The Hughes apparatus was adapted t-o submarine cables 
between France and Algeria in 1882 by Mandroux. Though other- 
wise quite satisfactory in every respect, the speed was only 40 to 45 
messages per hour, and it was therefore not kept in service. 

Automatic transmission with siphon vfcorder, — Belz and Brahie 
exhibited a modification of the Wheatstone automatic transmitter, 
to adapt it to the siphon recorder. The currents from the transmit- 
ter are sent to the cable through a Froment relay. It is said to in- 
crease the capacity of the cable from 1,500 words i)er hour \vith the 
sii)hi>n recorder alone to 1.800 with the automatic transmitter. 

System of work in (J multiple cables, — As parallel conductors in a 
cable can not be worked independently for greater distances than 
250 miles, the Commercial Company (of New York) operate their 
conductors in pairs as metallic circuits, and using each pair again 
as jxirt of another circuit, with either another pair or with the earth 
as return. The chief claim is the perfect way in which this' elimi- 
nates the inductive disturbances between neighboring wires. This 
company is the only one having a transatlantic cable ending in New 
York City, though tin* line includes a landing in Nova Scotia. 

Vibrator for sijthon recorder. — The Commercial Cable Company 
exhibite<l the Cuttriss vibrator, which is an atta<?hment to the siphon 
recorder for cables, to replace the usual electrification by high-tension 
charges, the object of which is to vibrato the ink-recording sij>hon 
in order to eliminate the fricti(jn on the paper. The usual methml 
ha,s many objections, as it is affected by the moisture or dryness ot 
the air and the paper. 
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In the Cuttriss ma^ietic vibrator thoiv is a very small piece of 
Xo. ']0 iron wire, about one-six teentli of an inch long, secured near 
to the end of the si])hon. The pai)er passes over a small iron -table, 
which is tlie onlv addition which must bo made to the usual instru- 
ment. This iron table is magnetized by an intermittent current, 
causing th<^ end of the siphon to vi])rate up and down rapidly, pro- 
ducing a series of <hjts. The intermittent current is produced In* a 
simple make-and-break magnet, which has a sensitive mercury regu- 
latoi* to adjust the number of impulses to the natural number of vi- 
brations of the siphon: otherwise the sijdion would not vibrate regu- 
larlv. 

This system is used on all the instruments (^f this comimny and 
is highly indorsed by them. For a short description and an illus- 
tration see Electrical World, June 20, 1880. 

Ellioff, — Another and simpler vibrator simihxr to this was exhib- 
ited by Elliott Brothers. The siphon was attached by means of a 
string directly to the armature of the vibrating magnet in tlie rear 
of the instrument. 

Telephone recf^iver for cables. — In the cable receiver of Ader the 
cable is connected to a vibrator which vibrates between two con- 
tacts. One of them connects it thrcmgh a telephone to the negative 
pole of a gi'ounded battery, the other connects it through another 
telephone to the positive pole of another grounded battery. A i)os- 
itive current in the cable will increase the sound in the fii'st tele- 
phone and a negative that in the other. 

Receiver. — For a cable receiver Edison suggests to use his moto- 
graph receiver, because of its S(»nsitiveness. 

Siphon rf>c<inU r. — Ohamroy exhibited an fittjichment to the siphon 
recorder by means of which the writing is done by a succession of 
sparks from an indutrtion coil, the paper being prepared chemically 
so as to be <liscolored by the spark. 

Coltle rf^huj. — The Eastern Telegrai)h Company (British section, 
gold medal) exhibited a relay deviso<l by Brown & Allan to replace 
the siphon recorder. It consists, esstfutially, of a small coil sus- 
pended by a tine jdatinum wire, free to oscillate. It ha.s a hollciw 
core, and is placed in the magnetic field between two magnets. A 
small rod of soft iron, capable of turning with considerable friction 
around a v(»rti<;al pivot, is moved by this elec^tro-magnet. When 
the cable current passes through this eh»(^tro-niagnet it turns it to the 
right or left, which moves this rod up to a contjict, where it remains, 
while the coil continues U) the end of its oscillation. This contact 
closes a local circuit working a Morse receiver. It is used largely 
by this company for their submarine cables. 

ACCESSORIES. 

Keifs. —Tlie Arnaune key has two sets of contacts at each end of 
the rocking lever, the connections of which are such that the depres- 
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,'in ami n-ieaaiug of the key will isoiiiiect iho poaitiv*" or negfttivi=' 
ioltM-esi)wtivi'ly, ti> line iindjittlie «aiii>^timec(7itiifct the other pole 
I) t;artli, tim-s reversing tho vnrvmil fur each imi>uUu. 
In thotlisi-liarge IcBj'Df Schaeffer. oiiu i-rid of the kyy Iwvor islrni^. 
s to incroatiij Lhe uinutmt uf motiuu, und has a spring attaebctd 
1 it. which fituvery motion up or down of the key touches, in pass- 
ng, a contact I'onnecting the line to ground, thereby iHscharging it 
pefore and after every impulse of current. 

Tarjou (Frenrli sectiun, lironztj tii<><lal)exliil>jted aiiuraberwf kej's 

r >iU'ious purposes, whiub liavB gi\-on very satisfactory result*. 

ulie tirat ia for automatically connocting tht' line to ground for a 

moment only uvwry time thu key ia ivleastMi or raised. This is ac-cum- 

i)lish«d by a umall movable ball which wata on a spring, which keeps 

a earth contact open. Every depreesion of the key stnkea this ball, 

Musing it to roll up an inclined plane, thereby relieving the spring 

' iw weight and closing the earth contact of that end of the line. 

lift l»all. in returning, a moment later, opens the earth oontact and 

b lino is again ready for the next impulse. 

" 1 the double discharge key the line is not only put to earth as de- 
Iccibed. but a discharging battery is also put to line for an instant 
tetween the position of transmission and that of repose. This is ac- 
■muplished by a sort of fork, one of the two prongs of which is 
kxiched by each motion of the key (the lower one being iusalate<l), 
ud by an ingenious snap spring the contact mafle theitjby is broken 
nmedifttely afterward. This fork is one pole of tiie discharging 
Kittwry. the key lover being the line tenniiial, *is usual. 

In the compensating double discharge key the impulse of the cur- 
rent is divided luto two parts immediately following one another, the 
t being that of the whole battery and the second that of a smaller 
lattery. This is accomplished by a second snap-fork contact similar 
1 the one just described, hut closing the momentary contact of the 
J battery during tlie downward motion of the lever, while the 
Mher acts during the upwanl motion. 

Relays. — SamboTiig exhibited a jiolarized relay requiring no regu- 
lation. Instewt of polarizing the rtrmature four electro-magnet-s are 
1, two of whose cores are connected magnetically to a permanent 
nagnet, whicli gives to these cores a polarity opposite to that given 
s them by the line current which (lows through all four. The at- 
W-tion of these two is opjKjsed tti that of the other, and the one 
armatm-e will therefore move toward one or the other 
kwHjrding f« the direction of the current. 

In the relay of Dutertro the core of the relay is polarized by an 

Wternal fixed maguet. and is capable of turning under the intluenee 

f the current in the coil. In that of Mandnm-t the polarized arm.i- 

a between four magnets, which are wound so that those facing 

bch other are always of relatively op|K)site polarity, and those mlja- 



of liki- 
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Ill the Bainlot i't*lay the coil is at right angles to a permanent 
niagnot. wliicli sii[)ports tlie axis of the armature. The action of tb»> 
magnet is normal to tlie axis of the armature, and the iictiou of the 
^^!ectro-magnt»t is jmrmal to the armature. 

Mufatji'myh rthitj. — The E«iis«)n motograph relay is based on the 
fact that the friction of a sliding (••mtaet on a revolving cylinder of 
si>mc jM>rous material wet with potash is greatly diminished while 
the current passes. This cylind»^r, driven by clockwork, pulls a 
sliding brush by friction against the action of a spring. When the 
current passes, the fricti(»n diminishes, the spring predominates and 
closes a local circuit. It has the advantage that it is free from rem- 
anent magnetism and extra currents. 

In his carbon relay the pressure. produced by the magnet on a car- 
bon button changes its resistance and thereby actuates a local circuit. 

Referefwe, — For cable relay, see Cable telegraphy, above. 

Receivf rs\ — Among the receivers exhibited was a Morse receiver 
of Oudin, very light and compact, containing in it all accessories, in- 
cluding ten moist cells; antjther of Dini, of stnmg and rigid f«.»rm 
and economical construction. The Mors*? receivers of the French 
administration are the same as those of 1S?8. 

Soumltr. — Tlie Decamp s<.>under consists of a telephone in which 
the diaphragm in vil)rating makes and breaks the current of its own 
magnet, like an electric bell, thereby producing a musical note to 
replace the click of the usual sounder. 

Disrhiirtjimj ihrir*, — Godfrey (French secti4»n, silver medjil) ex- 
hibited an ingenious and very sim])le system of discharging lines, 
whicli is said by :^.> y\ autlu»rity to be the best of all similar systems. 
It is for use chielly r«»r un<l»n*ground. submarine, or long aerial 
lines haviuLT coiisi<lerable capacity. It consists simply of a coil hav- 
ing very great si'lf-induction, which is connected from line to eartii 
at each end. therefon* in derivation to the batterv ami kev. or re- 
ceiver and key. of th«» «»rdinary !Morst> systems, according as it is the 
sending tir the receiving apparatus. It has increased considerably 
th»" elliciencyof the linesi»n which it i«<used and has re]ilaced a uum- 
bi-r of relavs which were I'ormerlv cou<iil»-iv«l indispensable. 

ArfftirittI lints, — iMark. JIuirliead ^Jt" Co. exhibite<l their weil- 
known artificial linos whicli are usetl in duplexim,'- the submarine* 
ciMes. Thrv I'oiisist oi' strip*^ i»f tin foil wound s.* as to act both as 
i""idenser> i\iu\ a< resi^^tam-es ci»mbiniMl. »*iniilar to a line. 

. I i/'.i"/'.'//'- i'r,,.nt>f •'/''.■•/. — Tilt." obji'Ct I'f a device of Careui*-' & 
H >;ij»Mu is to soinid an alarm in case tlie lim- is grounded acciden- 
♦a.ly. and is i»f u^e >]»»cially wln-n a nunibi-r of lines are <»i»erateil by 
!;.'• *iame batt».*ry. I: con^isT< ''f a «-«iil wiiun«l an-und a bar »»f zinc. 
It i< plac- 1 bftw.-.n :hr ba*tr-ry aii«l ihr key. If the circuit i> a«-- 
ci'Ientaily _:■:■. •-.iii-lr-l '».\V'»:..i :!:•■ k^-y, this c.iil will heat sutKcieutly 
l» cau>e t.ii- ::i;ic r"d to I'Xpaii'i a: id '■i">'' a i-M/al bt/il circuit. 



ELECTRICITY. 119 

Dijnamnsfnr ff:Ie(jwphij. — Picjud oxliibited a system for replacing 
tluf hatterios by a (lyiiamo. The dynamo circuit is dosed tlirougli 
a rosistanco of German silver wire, the middle of which is connected 
to ground. This resistance is then treated just as though it were a 
^••ries of batteries, the currents foi* telegraphing being led oii from 
different parts of it in acconlance with the number of volts required, 
and from the right or left of lh<.* gnmnd according as they are to be 
positive or negative. To avoid accidents due to grounds or short 
circuits, each of these multiple arc branches leading off from this 
ri»sistance has a se])arate i*esistance in its circuit which is propor- 
tioned at the rate of 4 ohms per volt of the potential, so as to limit 
the greatest possible current to one-fourth of an ampere. The sys- 
tem exhibite<l was one for 100 volts and 10 amperes. The system is 
in use at the central office in Paris and is proving itself to be very 
Siitisfactory. The inventor estimates the economy as follows for a 
horso-i)ower machine: At 0. 1 franc (2 cents) per horse-power hour, 
it will cost 1*1.40 francs x)er 24 hours, or 5,556 francs (about S1,CK)0) per 
year, for a station like the central station of Paris. The equivalent, 
10,000 cells, would cost 30,000 francs per year. 

Wires. — For the requirements and tests of the galvanized iron line 
wire delivered to the French Telegraph Department. (See under 
"Wires, cables, and conduits.") Copper wires have been used by 
this department for several years. For telegraphic lines, copper 
wires of 2 to 2i millimeters have replaced those of iron of 4 and 5 
millimeters; for telephone city circuits eleven-tenths millimeter 
is used; for long distances it varies, that from Paris to Marseilles, 
for instance, being 44 millimeters. Copper wires are re(iuired to have 
a resistance of less than 21.4 ohms per kilometer at C. for a diame- 
ter of I millimeter. It must supi)ort a tensile strain of 40 to 42 kilo- 
grams per square millimeter, with an elongation of not more than 2 
per cent, A wire of 2 A millimeters diameter must stand seven bend- 
ings in a vise. 

For a description of the underground cables for the city c»f Paris, 
see "Wires, cables, and conduits." 

TELEPHONY. 
GENERAL. 

As there is no fundamental patent for telephony in France- the 
natural result is that the telephone, as an apparatus, is being devel- 
oj)ed much more rapidly there than in this country. Tliere is much 
wholesome competition both among inventors and among makers; 
the telephones are conseriuently l)etter, cheaper, and as tliey can be 
purchased by anyone they are coming into use very largely in })ri- 
vate installations. Tlu^ latter was particularly noticeable to an 
American. Almo.st every exhibitor of electric bells and annunciators 
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had his system of house tch^phoiies: sonieat the exceedingly low price 
of a few dolliiis for two complete sets. They appeared to be as com- 
mon as exhibits of electric bells and annunciators, and are being in- 
troduced alxjut like these. Scjme makers are introducing them by 
thousands. Such systems are alm<.)st always two simple magneto 
telephones (\\ithout a battery) both as receivers ami transmitters; or 
in S(mie there is a simple microphone transmitter connectc^l directly 
to line without an induction coil. In the best systems for lon^rer dis- 
tances the microphone is always used with the induction coil. 

Proijress, — Tli(» telephone as a receiver may be said to be one of th»* 
few inventions which have remained in practically the same form in 
which they were l)orn. The telephone receivers used at present in 
the United States, England, an<l France are practically the same as 
those first introduced in the United States; they have been modified 
only very slightly in their i>roporticms. Many radical changes anil 
improvements have been suggested and are used, but by far tin- 
largest num]>er in the large exchanges are still of the original tyin^s. 
As a transmitter it has given jilace to the microidione, except for 
verv short distances. 

Most of the i)rogress in the instruments was made prior to tlie 
exhibition of 1881; that made since has beeji mostly in the systems, 
in the details, in the proportion of the parts, and in their impi'ove- 
ment for special purpos(»s, such as for long distances, etc. As a com- 
mercial api)aratus it nniy be said to have been dovelope<l almost en- 
tirely since the last international exhibition in 1878. 

Tthphone .sfjsicimt in Fraitcv. — The systems and apparatus are 
much better than in this country, the transmission being very clear 
and distinct. The transmission of music from places of entertain- 
ment is particularly fine and clear, especially in the installation at 
the exhibition. The nervier in the city of Paris, on the other hand, 
is exceedingly poor and far inferior to tmrs, especially since tht- 
Government has taken j)ossession of the exchanges. The answer to 
the calls are so hmg coming that one (h)es not generally wait at tin* 
telephone itself for this answer. For important messages within the 
city limits a messt*nger in a cai'riage is still frequently preferro<l to 
th»' ttdephone. One of the causes of dehiy is that the city is divided 
into munerous subcentral stations connected bv trunk lines, and it 
is iiecessarv in manv, if not in most calls, to retransmit the call to 
another stati<»n. Tiie Government has recently taken possession of 
the leh'piione serviei*; the imme<liate result was a great increase in 
complaints oT ponr service; but il is too early at i>resent to draw any 
conclusions as to the inadvisa]»ility of the Government owning and 
operating the telejdione service. 

Tflfj)honi/in fh* Unitfti Staffs. — Telephony being, even more than 
telegniphy, a nmnopuly in the Uniti^l States, the wholesome effects 
of comiietition <lo not (».\ist, and little progress can therefore be 
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Kited at pre-ti'iil oWifir tluui suoh iis willmirich tin; companii-s, 

J sorvicf. an ilisliiiguishod from tliu iippiirMtus tiuil systuinH. is 

PtjTjttbly bpttLT tlirtti iti Dthor countriei;, Imt cvoii at its liest it often 

I miicli tt> Ihs <lt>Hiif>t]. Thi.! apparatiiH and systema are. how- 

tr. inferior to thow? <^( France. Tim transmission is not nearly as 

r aikd ilistinol, and tlir- circnits are mnoh raori) snhject to inter- 

mcesi and in tiitvrruiitioiis. Ono explanation, and nut an nnroa- 

uilil>! itn«, why iinprovod apparatus is not being introduced more 

Apidly i« that there is anch a very large number of apparatus in use 

dy that to (diang<j it all would be an unwarranted outlay of 

i proportioua; besides, a change in apparatus often involves 

ft rhange in the Hyatam. One result of the monopoly, which is much 

> i>i> n>;^rette(i, is that private installations and house t-fli^gpaphy 

e practically prohibited hiire. In France the private telephone is 

Himmori iisi', like the spi-akirig tube: here it acaroely exists. 

Rehibilsb'j I'Diiii-tries. — Exhibits in this ulasa wero oonfincd en- 

?ely tii> the French and United States sections. In tho former they 

L' very common, the finest and largest being the excellent exhibit 

f the Soci^t^ G^nt!rale des Tril^phones {grand prize), who have until 

nit© recently had complete control of almost all the tolophono eerv- 

D of France until it panse*! into the hands of the Government in 

iptemher. 1889, Among the other Freneh exhibitors the one most 

'ominent, and es[iecially noted for excellent workmanship, was 

Braoville & Co. (gold meilal). In the United States section wen> 

^0 Iargi> and very creditable exhibts of the Bell Telephone Company 

bud the Western Electric Company, which attrai-ted much attention 

mung European specialists : the others were hiatijrical exhibits of 

B researches of Kdison and of Gray. 

Detailed dencri[dion. — The accompanying dotailod desciiption has 

1 limited to a very brief one. as this branch, not being public 

rfcy here, is of little interest to the electricians in general. 

I Historiofil, — The historical exlubits of telephones were confined 

lilnvHit entirely to the United States section. The Wijst.ern Electric 

tompsuy included among its exhibits quite an extensive historical 

flection of American telephones. It was confined almost entirely 

J tlie different commercial forms and not to experimental models. 

Linoug them was duu of the first commercial telephones, consisting 

L U-sha|>eil magnet, having twi> parallel soft iron polo pieces, 

lOUttd which were wouml the bobbins. The diaphragm wjvs not 

bched to either; that is. it was not polarizt^d, strictly inpeaking. 

t van under the influence of both poles c^imbim.-ti. In the Edison 

libit there wjis also a historical collection of orporimental tele- 

», showing the rasearchoa of Edison in this field. Illustrations 

'. th4M. hut not accom|mnieit by a technical description, will be 

iiu the Electrical World. October 5, IM^ia, p. 234. In the per- 

1 exhibit of Elisha Gray were shown the original water ttilo- 
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j)lii)no tlrsmlx'd in his caveat of July 14, l.^TtJ: also liis tone reivivor 
of is;'! and tlio on** of 1870, made f«)r thr^ Centennial Exhibition: 
also his strap and his violin receiver, hoth of 1874. 

In thn «*xhihit of the Societe Gk'nerale <les Telephom-s were a larjire 
nuinht'i' of liistorieal apparatus of the very extended researches *»f 
A<h'r. Anions tlies<> was an oM Reiss form of receiver, consisting: "f 
a simple 4'l(*('tro-ma^m»t having a block of wood secured to the om* 
t»nd of th<'ron» and a handle to the other end. The longitudinal 
vibrations of this ci>re, due to the rapid changes of magnetization, 
art* communicated to the block of wood. It is said to talk verv well, 
evt'u without an induction coil in connection with the micn^jihone 
transmitter. 

RECEIVERS. 

A(h t\ — The HHNMver of Ader, exhibiteil bv the Soci(^t^ G<?n^rale 
Jes Telephones, is shown in Fig. '25. The magnet is in the form of a 

circlt*, which answers at the same time as 
the handle of the instrument. On its two 
poles are secured the soft iron pole piece?, 
arouml ea<'li «»f whi(di are place<l the lx)b- 
bius, H B. The case. O, inclosing these, 
fi>rnis a resonant air chamber. clo.stHl at 
the top by tlie soft ir«»n diaphragm, M il. 
which is secured at its p«'riphery by tlie 
trumptU-sha|>e»i cap. E. In the hitter, and 
tpiite close tn the dia]»hragm. but not 
touching it. is stvured :i >nft iron ring. 
X X. whiih is I'alled the exciting arma- 
ture. The raps an* ••! hard rubber, and 
all thi- metallic' part> are nickel plated. 
Twt» of tliesr are usuallv used in each in- 
spallation, one lor each ear. 

This is thi^ reouvfr whieh is ustnl .dmost exclusivelv in all the 
trlrph'Mie i^xchanges in France: bf>iii»-> bi-im: Vi*ry s-imple in con- 
^•v.u'iion. it is an exct-ilmt ret-eivt-r as >r.rli. It api»ears to be espe- 
.;i-iy good l" -r th»' it-lrpiionie recrpii'»n "f mrtsi,'. Witli the exceT»- 
': :; of :;ii» r-\i'iT:!ig armaiurr. X X. i: ;< ideuTiral u-xcept in pinji^u*- 
": ::^» w'.'li . :.r ..f iji,. jirst ooinnu-n-ial r'-TUis used in the United 
S-..:. s. uv.-i r\:.i:.::ri as a !;is!ori,'a! h.-mIi-I by tht- Bell Telephon** 
I ' '.ti'oav.v. 

/» • • ."- • .. '. ; >. -Tlie !v.a:r!ivT \i\ :]>«'>•■].. 'n'^^^i'^z receiver is in 

liina'.'v and ha vine: its 

piiV.r.lel soft ITOVL i>«»le 

■ !.r-ay*v ra-:ial To the 

■ 

:.^. :>-. as ;;^ual. alM.»ve 
::..i^-:.«.-:. and below the 




Kli^ .i% -A»U'r"'« !«'U'i'hoT:io nvfiwr 



':>■: ^r'.n--: .; . ■ng n- ..'W cy.:::-:*!-. spiit ^--r.c: 
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coils, fastened to the magnet at one point only, and having two holes 
l-irgor tlian the coils which pa.^^s through it. so as to allow it t«) 
vibrato. Those two diaphragms are connected together >)y a ring at 
their outside CMlge forming a sort of flat 1m)x, which augments thc^ 
s<nin<l l)v virtue of its resonance. In the form exhibited bv Hutinct 
there are two separate diaphragms acte<l upon by the same magnets 
to increase tlie resonance. By means of a short flexible tube and 
mouthpiece attached to the one in the rear, the same telephone may 
be used as transmitter and receiver, for short <listances. In the 
Aubry form with two diaphragms, the magnet is very small and 
liglit, in the form of a closed horizontal ring having two projections 
in the inside containing the vertical pole pieces and coils. This ring 
magnet is attached to tlie center of one diaphragm of German silvt,^'. 
This will therefore vibrate together with the other diaphragm (which 
is, as usual, magnetic and opposite the poles) and will reinforce the 
sound. It is said to be i>articularly sensitive. 

Concentric poles, — In one of the d' Arson val forms the two poles 
are concentric, one being a cylindrical core and the other of annular 
form encircling it. In another the magnet is somewhat like the 
form of the letter S, the two poles terminating respectively in a 
cylindrical core and an annular piece encircling it. In one of the 
Testor f rms the poles are concentric, and the diaphragm luis a 
hole in the center below which is a concave reflector to reflect the 
sound. 

Polarized diaphragvis. — In the Colson form the diaphragm is 
between two magnets, one of which polarizes it and the other acts 
as usual on the diaphragm. In the Pollard form there are a num- 
ber of small hoi^seshoe magnets with like poles at the center con- 
nected to the soft iron pole pieces; the other poles are connectt^d to 
an iron ring to which the diaphragm is secured by its circumference. 
In the Sieur form the magnetic disposition is similar, but it consists 
simply of a bar magnet having one pole at its center and two like 
ones at the ends, which latter touch the outside edge of the <lia- 
])hragm. 

Almost all of the last three groups of telephones were made and 
exhibited by de Branville & Co. (French station, gold me<lal). 

TRANSMITTERS. 

Most of the above-described receivers are used also as transmitters 
for short distances on private lines. 

Microphone transmittfrs, — The transmitter of Ader exhibited by 
the Soci^ti? Gen^rale des Telephones is shown in Figs. '20 and 'il. 
The first shows a complete telephonic installation, of whicli the 
microphone is the horizontal slab. Tlie second is a view from below 
\ip, showing the carbons of the microphone, and the induction coil. 
The microphone consists of a thin horizontal plate of deal 2 milli- 
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niiittirs thick rPMtingima fruiiRMif soft, nibher loileuden Mm ituThiin- 
ical Wbriitioiis (;oramunk'ated to it from tUe iippiiratus. (Jii thelowvr 
siiie of tliis wooden diaphrRgm ai-e secareil threo crosapieces of car- 
bon, <l, b, and e. The tvelve 
c-ylindrical carboiis, E E. rest 
IdospIj- ill lioles iti tlifsu crura 
jiieces, roriiiing I weuty-fottT 
iniittiftp. wlik'h may be can- 
iio-tpd. !in shown, four in aeria 
:iiiil six ill inulUplt?, it, liy l-od- 
Qectiug one It^ad to tlie contaf 
pieces and the other to the tWO 
end pieces, lli^y may beoouplod 
two in serins and twfivy iu mul- 
tiple. This is Ihf tmnamitter 
( used almost exclusively in the 
F«.«.-Ad..-..aier„pho«tr«»™i««r, Fr«,tvU-^. te"ephon*> service in FTMCC 
Til,' aamfi form is used mm ft* 
the transmission of operatic and concert music in Paris. 

In the microphone of d'Arsonval & Bert the roda of carbon tukve 
a ring of thin Hofl iron around their center. (Opposite to these is « 
magnet which exerts a certain elastic force on these loose carbons 
and which is claimed to pre- 
vent some of tht' objection- 
able noises wliich so often 
accompany the transmisaion. 
In ilii' form devised by Ab- 
dank-Abftkaiiowicz there are 
four little carbon disks which 
rest, in vertical planes, loosely 
on their [loripliery on a 
slightly inclined tiat piece of 
carbon on onesideand against 
a thiu piece of carbon on the 
other side. The latter piece 
of carbon is on the biwjk of tht; 
wooden diaphragm. Their 
weight keeps them in contact 
with both. The vibrations of the diaphragm tend to roll these npthe 
in(dine«i piano on thi> opposite side, which keepH turning the diskfi so 
as to koep clianging thepointaof contiurt. These founiisks are^ 
nerted two in series and two in multiple arc. In thi- Lagaol 
there an» short carbon bars hinged at one end by a carbon 
pa*isi!t3 loosely through a hole in the bars, their "ther end, 
Inosely on a carbon plate. In the Mandronx & Pecquet fbrta> 
arc two separutt! microphone on the diaphragm, ewh at irlitt^.. 
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BflnHM] indepemleiit battary. The imlnr-tioii roil hus one cominou 
IttU'lary ftiiJ two primapies, one for eai'h microphone. It is aaii] 
P be uwd esjwcially for limg-ilistancR tnl^'phoiiy^. lu the Vau RysneU 
rgho form Fur long ilistiuiui-s, Uic eigUt microjilioiio mils are nil 
inectei] ill inultiplo arc tu ubtnin us low lui ititcrnnl n^stetaiice as 
wiblc?. In th" Bruyui't form there art* six ra^Iinl nils. iiU having; 
e end 9uppi>rti>il by om? common Wook in tlif center of the diii- 
tgm, the othwr ends being supported aronnd the periphery. 
fl^uvtrrfd c.'irlion.—T'iie American Bell Telephone O'mpiviiy ex- 
l)ited rt transinittei- miwle of a, layer of jJowdLired carbtni hetwceli 
I thin disks of platinuiii. It is tilwayw in iv Vi-rtiuiil position. 
li»n tin? iH)wd«r has settleil or has Iwcomit imcked it. mpty be Itius- 
' by shaking the apparatiut. Il i» usmi in the Uuiti'd Stales on 
• long-ilistanoe lines. The Hipp form (Swiss section) is vi-ry 
jneh like Uiis. only that the box is not quite filled, so that i>y tuni- 
icltning it one uan loosen the material. This box is plan-d 
fnside of another bo.^ having a nunitli pieL-e, the iixiaof the disks l>e- 
iiLT pi?rijendit;nlar to that of tho mouthpiefo; over th'' inside end of 
lie mouthpiece there is a .streti-Iied membrane of parchment: the 
f^uuud waves act on both sidea of this microphone, thereby incri.'as- 
f the actions. Up to 25 and .'tU miles this can l)e use<l without an 
idnction coil and gives excellent resnlts. It Li used in Switzerland 
I Italy. In the Berthon form there are two parallel disks of (7ir- 
1 separated slightly fifnn i^ach other; a portion of the space. 
ind«d hy ft cylinder of hard rnbber. la filled with grains of retort 
II inclining the apparatus these come in contact with tlio 
r plftte and form a microphone. In the microphone of W;iden 
.nd section, bronze medal) there are two parallel diajdiragnis 
sarlxm close together: one is connected to the diaphragm proper 
1 vibrates with it ; the other is fixed. One of them 1ms ii number 

B on one side, in which are placed abont fifty little carbon 

P^ibuItttK :ii millimeters in iliameter and ;j millimeters long. These 
ire held in place by the gnioves and form the microphone contact 
•i-tween lhn two. when they are in an incline<l position. 

Ader lony-fti-ttinire telephone. — In the long-distance telephone of 
^dor there are two carbons 8e<nirHl together and to the diaphragm, 
|Bt ttuparated frimi one another hy a short spacf, and insulated from 
'J othi-r. In tho sptice hetwoen them rests a wedge-shaped piece 
{copper, platinum plateil. making contact with both of these car- 
One carbon being secured to the vertical diaphragm and the 
Shpr being some distance back of it, the line through tlie contacts is 
irpeniiicular to the diaphraj^n. When the diaphragm vibrates it 
ierAas»3 the iiruseiire on one of these cimtactH and diminishiis thiU 
f tha othi'r. and vico versa. The current enters by this cojjper wjn- 
tautl di\*ides into two branches; these pass in opposite directions 
Igh the twi> primary coils of atliree-wire induction coil, the 
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siujycle sccoiMlary nf wliicli giK'S to line. Tlu^ eiTocts of the currents 
from thn twn iiiicrophoiifs will coiisoqiieiitly be in th<.* same sense 
and the induction in t lie secondary will he proportional to their sum. 

ACCESSORIES. 

Sfritrh bnnnls\ — The .suhj(*ct of switch boards is one ot the few 
bran(^hej< which are of interest only to a few spechilists, and not to 
the electrician in <^eneral. A description of such apparatus is tliere- 
fon^ of no interest unless ^iven very completely with all <letails, 
which w(nild not be p(;ssil)le in this g(»neral report. Furtliermore, 
si)ecialists are better able to study the subject from publislied de- 
tailed and ilhistrated doscripti(ms than they would be from a general 
and brief report like the present. It was, therefore, thought useless 
to give hiM'e more than a mere mention of the chief exhibits in this 
branch. 

T lie largest and most ccmiplete switch-board exhibit was tliut of 
the Soci^te G<^nerale des Ti^lephcnies. The exhibit included several 
sections, or *' units," of a multiple switch board for 3,000 subscriber, 
and is the type to Ix* used in the Paris service. It is very complete 
in all details, but is necessarily very comi)licated. Each of the 15 
sections forming the <:omplet(? ]>oard for 3,000 subscribers embraces 
)l{n^ subscribers, and re([uires two attendants, one for each 100 sub- 
scribers. Each attendant can connect any one of his 100 subscribers 
to any of the 3,00(^ <lirectly as the terminals of all the latter are 
within his n?ach in his or in one of the neighboring sections. Trunk 
lines connecting the several central stations are connected to the 
switcli ]>oard the same as subscribers. P^ach central station is con- 
mH*t«Hl to each of the others, by a number of trunk lines; only in 
verv few cases wouhl two trunk lines be necessarv for one connec- 
tion. All the circuits an* double wire, ov metallic circuits, but the 
switch l>oard is said to occupy no more room than if the circuits were 
single wire or grounded, as is usual in the United States. All the 
calls are ])atti4y calls; no magnetic ones are used. Lalaude batteries 
are usimI altogether, three cells for a microphone, and twelve to fif- 
teen for a call. Amtmg t lu' <letails are means permitting the attendant 
to connect himself in multiple arc with a circuit in use in order 
to hear whether the conversation is going on, an<l .another connec- 
tion inserit'S |)ermitting him to luvir and also to speak; also another 
enabling him to lind i»ut whether a trunk line is in use or not with- 
out interrupting the conversation, should it be in use. 

The Western Filectric ('(^mpany (United States section) also ex- 
hibit a sect i< Ml of a multi[)le switch board for double wire circuits, 
such Jis is used here for the long-distance lines. It is, in general, 
simihir to the one mention«*d above. Imt differs in its details. 

Mandroux (French s(M-tion) exhibited a simple board for fifty sub- 
scribers, for single line circuits. 
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SitMir (Preiirli section) «'xhi])iti'(l ii iimiibiT of switt'li lK)ai'«ls for 
siiiy:I«'or douM«» circuits. Onr of the cliaraoteristii^ feature's is that 
all i'oiiinrtious are ma*le 1)V iiic^-iiis of liooks at the rnds of t1exihli» 
e«ir»ls. There an? one, two, or four of tliese at th(»eii4 of each conl. 
ilejieu'liiigoii tli(? nuiiiher t>f cjjuneetioiis tohr made siniultain*<)usly. 

C'tlls. — In the <*all of Sieur a brass whe(»l, with iron teeth on its 
lM'ri]ihi*ry. is math' to turns*) th«it th<* Iretli pass by a pohirized eh*etro- 
nia^iH't. ThiMillt^i'uatini^ <'urrent i^enrrated is sulKcient to procliu-r 
a sound in tlu.» telephone audii)l«' sev«'ral yanlsofV. Zi^an^'s eh'ctri<' 
trumpi't e<»nsists of a diaphra<i:ni at tiif liottoni of a truni]»et-shai)e(l 
tube, whicli is vibrated by th«* action of tluM.'leetro-niagnet, lik<? ina 
t»d'*[»hone. I lie current bt.'in.j^ made and broken by the diaphragm it- 
self, as in a bell. In the call of Sieur tt Van Rysselborghe, the 
toli*|»lione is used as a sort of relay to operate a local bell circuit. A 
contact made of a sort of pendulum restiuii^ against the diajihragm, 
is in shunt circuit t«) the bell: when the memlu'ane vibrates, this 
contact becomes a poor one and th*- greater part of the current g(H\s 
through the bell. The vibrating current is j)roduc(»d at the sending 
end by a push button and an ordinary vibrating interruptor. 



SYSTEMS OF TKAXSMISSIOXS. 

Sf.t'f ml fclephon^'s an flit- smiif rirruif. — In the system of Berthon, 
of the Socif^te G«'neralo <le Telephones, two subscribers on the same 
metallic (double wire) circuit are enabled to call each other without 
calling up the central office. This is accomjdished by a second Ccall 
button at each of thes<j two tele])liones, which connects una of the 
lines with the ground, forming a circuit independent i»f the other 
mi»tallic circuit. A ])ell at the other subscriber responds to this 
gnmnded circuit, but the annunciator at the central station, being 
on the metallic cir<'uit, does not respond. The system of A<ler per- 
mits the central station to call any one <.)f the four subscribers on 
the .same metallic circuit. The line is grounded at the midrlle of the 
Lx'j), leaving two subscrilun's on one side an<l two on the other. At 
the central stations there are four calls from a grounded batterv; 
one .sends a positive current and another a negative <:urrent to one- 
half of thi.s loop: the other two .send a jxisitive and a negative cur- 
rent to the other half of the l(»op : the calls at their four sub.-icribeis 
respond, respectively, by means id' ])olarize<l relays, to one and only 
<»ne of the.se current.s. In the Sieur svsteni for three subscribers, 
one annunciator iH?sj)onds to a positives grounded curi'ent. another to 
a negative grounded current, while the third resp(»nds to a cui-rent 
<.»n th«» metallic loop. In the Sieur system for four subscribers, two 
of the annunciators respond oidy to a weak current, one to a jiositive 
and one to a negative current; the other two res|>ond to a .strong 
current, one to a positive and one to a negative current. 
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T'lftjniphiiuj nnti fdephotniuj on fhr s^.vif' rircuii, — In tli<» systfiii 
»»r Van Ryssi^lljer^lio tlio tolo^r{xj)li nirrents are made to vary ^rat!- 
iiallv iiist<*a<l of al>rni)tlv, in wlik-h casj* thev will not })e lieard i:i 
tin* ij'U'pliuiH' ; rurtlierni<»ro, their sucjM'ssion is insuflicioiitly rapi-l 
lo jirodiKM' a notr. This is aeeoniplislHMl hy elect roma^a^nets in eir- 
ruit lu'twetMi the r»'reiv«*rs ami tin' line, and l)y (•<)n<lensers liaviu;:: 
on<' of tlu'ir jm>1«*s to line and t)n«* to ground ; furthermore, hy a ecn- 
<l«*ns«.*r of one-half microfarad, called a separator, betwi»en th«» tel»- 
j)hone and the telei^ra]»h line ; two of ilu'SJ' are used when the cir- 
ruit is m(*tallir. TheS(» condensers form a screen to the telegraphic 
<-urrents, hut allow those from th<* telephon»> to pass. Up U* '^*oO 
kilometers (l*^/) miles) iron wire can he usimI, l»ut for greater dis- 
tances bronze wire is essi^ntial : the siz** vari«*s from *3 millimeters f^-r 
•i')0 kilometers, to 5 millimettM-s for "'.(MM) kilometers. This system 
is used in FrancM^ on interurban iele[>hone lin«*s between Paris an*l 
Rowen, Havre, Lille, Rheims. an<l oth<?rs : also Paris to Brussid>. 
and on 7,400 kilometers (over 4,n(H» miles) of lines in Belgium. It is 
also used in many countries in Europe* and America, includimr 
the United States. In the ilaich** svst<»m for metallic circuits onlv. 
there is an in<luction coil with three circuits at each station. TI.*- 
microph<me <*urrent passes through the one primary: the two m-c- 
ondary coils are conne<*ttMl in st*rit*s and close tiie end of the l(M)p «•: 
the metallic, circuits : this com])letes the telephone connections, i hie 
end <»f the telegraph circuit is grounded and tli(^ other pass(»s to th»- 
junction of the two secondaries, and thenct* through both in unilti- 
j>Ii' arc to the two lines, which latter are therefore in multiple arc as 
nneline; the currents in tlh»se two bi-anches <.>f the telegraph liii-* 
then pass through the two sec<»ndaries in ojjposite directions, autl 
will t here f on* have no intlu<*nce on iln* primary at the receiviuir 
station, which contains the telephone r<*ceiver. Trials were mat it- 
ill ISS.*) on several of the hmg-tlistance teleplione lines in France. 

Ihnftf.sfir hh phont' sij.stt nis, — Private tele]»hont* systems, for j»ri- 
vat«» houses, factorit's, etc., are <levi»loped to a very miu*h greater 
«*xtent in France than in the United States, due to the fact that tht-re 
is n<» fumlamental patent there to interf»»rf <»r to make such use 
l>ractically prohibitory by high royalties. Exhibits of sucli tide- 
l»h<»nes were v«*rv numerous in the Fren<*h section. Tliev are as a 
rule simple magneto l«»lephones. without l»attery or micrtjphMUf. 
S«)me are with microphone but witliout in<luctiou coil. Then* is 
very little of special interest regarding them, to be described hert*. 

Opf I'fiflr ffJf phttnf frnttsnnssifms, — In the •■xhibition building of 
the Societe ( lenerale des Telejdiones, there Were a largo nu mix* r o:" 
teh*phonesconn<*cte»l with the opera house, and se venal otlier place> 
«»f amusement wlu'rc the entertainment wa> entirely of a iuusic:i. 
natun*. as distinguish»*d from that in the tln'aters. The system was 
a double one. there beinic twt» mi<-rophnnes .in tin* stag** by tlie from 
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"otHghts. ono to th« right aii<i one to thf» left ; these were connected 
y iiidopeiidi-nt ciri'iiitB, einrli to n series of tpliiphones at the roceiv- 
tag Btttf.ion : wn-li listener Ii.id two telephones, one on cjK-h circnit. 
^]»?re were about twenty to thirty sets of these on one lino. The 
ftircuits were aW uudergroiinj. and metallic, Bome heing a numbep 
bf miles long. The tranHmission was remarkably jjerfect and clear, 
«d there was an entire absence of the objectionable by-sounds. The 
jisniissinn was e^iually good for instrumental as well as vocal 
inu)«ic; a person akillpil in orchestral musiccould not only distinguish 
[tadily Ixitweeu the string and the wind iuBtruments, but could even 
Itettnguish between those of the same class, as for instance between 
k flut(> and a clarionette. 

MISCELLANEOUS. 

To an American, one of the most jirominent features of the whole 
klephone exhibit was the very large number of modifications in the 
Ibrms of apparatus, having the 
^■eneral object of making it 
more convenient for ihe persons 
hsing it. Especially intfresting 
Tjrere those exhibitei! by the So- 
tiC-i4 G^u^rale des TiJli^pboiies. 
luong these may be mentioned 
She desk form shown in Fig. 2H, 
Irliich comprisea a wliule instal- 
lation. It is on roUoi's and may 
> moved about at will. The 
laicroplione ftjrins thi? top slab 
f the apparatus, and is slightly 
oiclined,: the two telephones aie 
She receivers; the small push 
ottou in front is ihe call (hat- 
Sery call), .\nother convenient 
Sorai known as the Berthon form 
8 shown in Fig. 80, in wliich tht 




ver and transmitter are i 



bected togethiT by a convenient handle so that the former is at the 

^ar while the latter is at the mouth; the relative positions may bt^ 

fcltered slightly by adjusting screws. The call button and switches 

pre comprised in the small wall fixture. This form is used largely 

[br desk work, or on shipboard, or in general, when the person 

king can not remain in a fixed position in front of a fixed micro- 

ibon^. In anothei' form the receiver was attached to a long banille 

irliich enabled the user to rest his elbow while holding the appa- 

latas. In some of the wall instrunionts two small ornamental 

tcketB, each having a small cushion, were fi.xed at the two sides 

r the apparatus to enable the listener to rest his two elbows while 
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holding t!if two receivers ti> his eurs. lu Huotlier fot-rii tbf iipijun*- 
tuB was accompanieil by » small ■writing tablet for taking notes wliila 
listening or talking. In another, the trumpet-shaped ear pieces (if 
the receivers were made of thin soft rubber in place of the usunl 
hard rubber, making it much more comfortable for the listener, fur 
long conversations. 

Amotii: other exhibits were complete installations for nse on ehip- 
boarrl. These were inclosed in tightly fitting 
iron boxes, and were especially well insulated 
against moisture; the switches and calls were 
so arranged as to ob\-iate the use of a central 
station, each ojierator being able to call any 
other directly. 

There were also a large number of exhibits 
of private telephone, systems, such as for do- 
mestic purposes, for factories, lai^o establish- 
uients, etc., accompanied by the necessary 
annunciators and calls, to enable one peraua 
to call any other directly. In general, thnni 
were many exhibits of this kind showing great 
progress iu the adaptability and use of the 
telephone abroad, progri'ss which can not be 
looked for here in the United States, the birth 
place of the telephone, until the broad funda- 
mental patents have expired. 

Apparatus for divers. — In the French iiaval 
department there was exhibited an apparatus 
devised by Auger for the nse of submarloo 
divers. It consisted essentially of two staull 
telephones united by a curved, flat spring 
which passed around the head and held.ttl« 
telephones to the ears. To the same sprite 
was attached a microphone, which was thereby 
held in front of the mouth. 

Tlieaimphoiif. — The Soci^t^ G^n(!rale des 
Tfl^phones exhibited the theatrophone of 
Marinowicz. This was a somewhat complica- 
tetl but very complete public telephone r^ 
reiving station, which was always connected 
with a transmitter at some musical entertain- 
ment. It was operated by dropping a 50 iwo' 
times (10 cents) silver piece into a slot, which puts the telephone in 
circuit. After five raiiiutes the mechanism automatically cuts it ont. 
A company is introducing these in Paris, and provides a continaopa 
musical entertainment at the transmitting station. 
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Tiilephimoijittiih. — In the Etlisnu exiiiltit was shown a teleplioiio- 
pitrph which oousipts of uii auloinaticdll y actiu); phonograph attached 
9 a Lelephontj receiver, for the purpose of recording a telephone 
beasage on the phonograph in the case when uo one is present to 
From thia plionograpli I'econl it L-an then readily be re- 
otlucpfl when the jierson for whom it was intended returns- 
. letephoiiot/rriplii'^ trn its in ins ton. — A different system, though sonie- 
J^bat similar in its object, devised by Lambrigot, will be found 
icribed mider the liending '" telagraph," to which it more properly 
ielongs. 

In this connection it may be of interest to call attention to an ex- 

jjeriment exhibited at the Franklin Institute, iu Philadelphia, in the 

winter of 1888-*s;t. by Mr. Hammer, in which a cornet solo was played 

K^uto an Edison phonograph in New York city; from the phono^'aph 

» transmitted by microphone over a metallic circuit to Philadel- 

bbia, where it was received by an Edtson motograph receiver and 

scorded on another phonograph; from thia it was then reproduced 

9 as to be audible to an audience of several hundred people iu a 

boderately large lecture liall. 

Cryjilopkone. — The object of the cryptophone. devised by Henry 
C Berthon and exhibited in the French war department building, is 
|> enable a person to keep watch secretly over a distant building or 
Utrict. It depends for ita action on the vibrating or trembling of 
e ground or walls of a building caused by a moving object. The 
B"yptophones jji-oper consist of delicate contacts connected to micro- 
^^hones and situated at the n-spei-tive places. The c'lyptophonoscope 
is a 8ort of annunciaii >r at the receiving station to which the micro- 
phones are connected by separate wii-es. Any vibrations at the 
microphone cause the resjjective annunciator to ring an alarm and 
_H>rate s droi». By means of telephones the watchman can then 
IBt^n to the nature of the noises. It is applicable chieflyfor military 
purposes. 

Telephone builel probfi. — ^The Western Electric Companyexhibit^d 
I telephone bullet probe and induction balance, for locating the pijsi- 
>»n of ft bullet or other metallic masses in the human body. The 
giparatus is called Dr. Girdner's, anil is said to have been invented 
/ Professor Bell; the balance is known by the name of Huglies. 
Jhe balance is for the purpose of determining the part of the body 
aider whicli the bullet is, while the probe is for finding its depth 
kelow ibe skin. A well illustrated, though not very technical, de- 
iription will be found in the New York Medical Journal, April U. 

m. 

I For the electrodynamomeler formeasuring teIephonecurrenl8,soe 
PMeaauriag instruments." 
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III.— ANNUNCIATORS, ALARMS, BELLS, CLOCKS, GAS 
LIGHTING, ETC., AND MISCELLANEOUS APPLICA- 
TIONS. 

ANNUNCIATORS. 

Judging from the large number of exhibits of annunciators in the 
French section, they appear to be coming into use almost as much 
there as in the United States. Although there were numerous dif- 
ferent forms shown, there is little of interest to be described here. 

In the ordinary forms of the mechanism of annunciators, the 
greatest force required by the movable armature of the magnet, is 
when it is farthest from its magnet, in which position the magnetic 
force is smallest. This disposition is evidently not the most rational 
one. In the annunciator devised by Abdank-Abakanowicz and ex- 
hibited by Postel-Vinay, this disposition is more rational and there- 
fore requires less battery power. The armature is connected by a 
spring lever to a small hammer which strikes and trips the signal 
disk just as the armature is about to touch its magnet ; that is, at 
the moment when its force is a maximum. It has no work to do 
until the magnetic force is greatest, when the hammer acts by its 
accumulated impact. 

An annunciator for hotels exhibited by the Western Electric Com- 
pany (United States section) was provided with return calls, by 
means of which the receipt of every call can be announced to the 
sender by a return signal to the respective room. The push buttons 
on the annunciator were furthermore arranged in a circle, and were 
provided with a common lever arm which, when moved around in 
a circle, will press each of the buttons in succession. The object of 
this is to sound a general fire-alarm signal throughout the whole 
hotel and in each separate room and corridor. This lever arm, 
being actuated by a strong spring, need merely be released, and will 
then continue automatically to ring all the bells in succession. Tlie 
system requires a double circuit for each room. 

In several of the annunciators exhibited in the French section 
polarized armatures turning between two magnet poles were used 
to turn the signal disks. Reversing the current, by means of a push- 
button in connection with the annunciator, sets them back again 
ready for the next call. The chief advantages claimed are that they 
are less likely to get out of order than those having drops and 
catches, and that the dials can be reset from a distance. A disad- 
vantage is that two magnets are required for each dial in place of 
one. Among other annunciators was one in which the number of 
the call was registered on a counter. In another, called a night 
annunciator, a small electric light was automatically lit behind th^ 
respective transparent dial whenever a call was received. 
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Fire nil Huncintofs. — There were exhibited a number of devices for 

kQtomatically indicating by an alarm the presence of flro in a buiM- 

Most of these wore slight mcHlificatiuus i>i the asuni and well- 

a forms, and are not of sufficicut inti-Test to be described liere. 

Among the simplest was one in which a small spring was held back 

\y a plug nf some readily fusible motat. which, when molted by the 

leat, allowed the spring to expand and thereby to close a contact. 

Still simpler and more practical is the form exhibited by J. Hutiiiet 

'ronch section), whicli consists simply of a double insulated wire 

<nii>osed of two small copper wires very heavily tinned, one of 

■hich i« insulated from the other by a thin coating of soft rubber, 

twf) together being then wound with cotton, covered with rub- 

ir, aud an exterior coatinj^ of cotton or silk of any desired color to 

latch the paperiug, lirajwry, or furniture on which it is to be 

iloced. A five will melt the niblier separating the two wires, and 

virtue of the thick coating of tin will solder the two together, 

ilosing a circuit and ringing an alarm. The wire may 

iily be run through any desired parts of the building without 

noticeable, and thereby affords a very cheap and simple pro- 

, It has the disadvantage that it requires the direct action of 

flame to actuate it, but this is in many cases no great objection 

d is partially compensated for by the fact that it can readily be run 

any desiretl parts of a room. It has the additional advantage 

lat it can not, like many others, give a false alarm, aud there is 

lorefore no objection to connecting it directly with the fire depart- 

lent of a city. It is less thau oue-eightb of an inch in diameter 

d is quite flexible; it is sold for about 1 cent per foot, and is said 

to re<iuire only fifteen to eighteen seconds to fuse the contact between 

ilxe wires. In mounting it, it may be connected to a small push but- 

11, by means of which one can at anytime assure themselves of the 

working ccmditions of the whole system. 

Burglar iihirnt. — Messre. Chubb & Co. (British section, bronze 

me<lal) exhibited a burglar alarm attached to a fireproof safe. The 

apparatus rings an alarm if the door is opened or if the wires are 

tampered with in any way. either cut or short circuited. The gon- 

prbiciploof the circuit is, as usual, that of a Wheatatone bridge, 

iiich tlic wires at the contact on the door form one of the arms; 

y disturbance of the balance of the bridge will rmg the alarm, 

it will continue ringing until stopped at the bell itself. The 

itant current tor the bridge is said to be very small and requires 

one cell ; the apparatus is said to be independent of variations 

the strength of the current of this coll. A galvanometer needle 

tached to the ai>paratus shows whether all is in working order on 

ittingthe aUtrm. Altliough prtjviding for a number of different 

it does not upjtear to cover the case of the bell wiies or the 

y wires being cut ; the battery might be put into the safe, but 
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the bell must necessarily be outside. For a description, with, a good 
illustration, see Industries, June 14, 1889. 

Railroad signals, — This branch belongs more properly to the sub- 
ject of railroad engineering, and is therefore not included in this 
report. 

References, — For recording and indicating apparatus, see ** Mis- 
cellaneous applications," below. See also references at the end of 
the subject of '* bells." 

BELLS. 

Notwithstanding the large number of exhibits of electric bells 
and appliances, there was little of special interest. Among those 
differing from the usual forms of bells was an exhibit of Louis 
Borel (French section, bronze medal), in which the principle was 
that the contact breaker did not break the circuit until the armature 
touched the magnet ; that is, until the armature had received the 
full force of the magnet ; in the usual form of vibrator this is not 
the case, as the circuit is broken as soon as the armature begins to 
approach the magnet. The advantages claimed, and probably justly, 
too, are that the force is utilized much more completely, or in other 
words that a smaller battery will do the same work. The armature 
does not break the circuit directly as usual, nor is it connected to the 
hammer; it is pivoted so as to be free to move, and when close to the 
magnet it strikes, with the full force of its accumlated energy, the 
pivoted hammer, which latter in moving breaks the circuit; this 
enables the force of the armature to be used in the position in which 
this force is a maximum. The external appearance of the bell is 
also of interest as a complete departure from the usual forms. The 
whole apparatus is in the form of a large acorn, hanging on a pen- 
dant from the ceiling or from an ornamental bracket. The upper 
part of this acorn is the bell proper; the lower part contains the 
mechanism, the leads being the suspension. 

Bonnet (French section) exhibited a bell having two clappers 
striking it in different parts and thereby producing two different and 
distinct sounds or signals ; by means of a three-point push button 
these two can be rung together, producing a third distinct signal. 

In the electric trumpet devised by Zigang and exhibited by Bas- 
s^e-Crosse (French section), the bell was replaced by a small vibrat- 
ing diaphragm at the base of a small trumpet. The armature of the 
magnet was directly on the diaphragm, which contained also the 
interrupter. By means of an adjusting screw the pitch of the note 
emitted may be altered slightly, thereby enabling it to be distin- 
guished from a second one in the same room. It is said to require 
less battery power, as the energy required is said to be less. The 
sound is said to be more decided and penetrating, for which reason 
it is used largely as a railroad signal. 
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! Another call boll of interest, culleil the '■ magnetic bell," is one 

rviwKl 80ine years ago by Abdank-Almkanowicz, and oxhibittfl by 

beichmniin (Russian section). Its chief point of interest is thut it 

iqtiiros no battery. The current is generrtteil by means of a small 

hemating-curi'ent magneto, L-onsistiug simply of a permanent 

lOrBeshoe magnet and a small coil of fine wire, which in fiseil to a 

Uff flat spring Ko as to be capable of vibrating to and fro between 

ku |K)k-8 of this magnet, T<j generate the current all that is neces- 

iiry is to snap this spring, which is reailily done by means nf a eou- 

fenient handle; tlm coil will vibrate for a few seconds, generating a 

lomentary current every time it pjisses Ijetween the pules of the 

■agnet. The receiver, or bell, consists simply of an electro-magnot, 

[nth a polarized armature, which contains the hammer to strike the 

tell. There is no interrupter, as the current is an alternating one. 

lie whole is of extremely simple construction and is not likely to 

ptont of order. The sizes are almost unlimited. Bells wereexhib- 

1 18 inches in diamet«r, while others are said to have l>een con- 

■ucted 3 feet in diameter. As the electromotive force generated is 

wry high (in the small sizes it is said to be about 75 volts), the liells 

lay be at a very great distance. They are used largely for railroad 

frork, as also for telephone calls. Push buttons and door-bell pulls 

e arranged so as to snap the spring by the action of pressing the 

isii button or pulling the knob of a door bell. 

I Seferences. — A few other exhibits closely allied to this subject of 

klls, Iwlls, and annunciators have been referred to the subjects of 

f telegraphy" and "telephony," where they more properly belong. 

', also, " MiBcellaneouii applications." below. 



ELECTRIC CLOCKS AND TIME DISTRIBUTION. 

[ These exhibits belong more properly to the class "Watches and 

Slocks " (class Nil. 2*1), in which most of them were eshibited. They 

will therefore not be described here. 

The following notes regarding some of the exhibits may be of 

_intereBt here. Reclus (French section) gives the following data re- 

irding the battery power used in his clock. Tlie distributing or 

bftster clock is wound up electrically, requiring every half minute 

I current of 4(H) millianip&rea for one-twentieth of a second, which 

ies a consumption of 57 coulombs per day, or (J ami>^re hours per 

J"; the Leclanchi? cells will, therefore, run it about 3 years, The 

»ivere, which are also run electrically, require 135 milliamii&res 

pTery minute for about 1 second, making 180 coulombs per day, or 

EI.S5 ampere hours per year. He states that a good Leclanch^ can 

eliver 350 to 400 coulombs per day without sensible polarization. 

1 therefore not overworked with 180 coulombs output per day. 

e gives the total capacity of the cells he uses as 90,000 to 150,000 
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coulombs, and that therefore the cells will run the receivers about 
18 months. 

In the Gardiner system of time distribution (United States sec- 
tion, Government exhibit), used by the United States JSTaval Observ- 
atory, a master clock sends a momentary current to line at noon 
every day which sets the hour, minute, and second hands of the inde- 
pendent, supplemental, or controlled clocks exactly to noon, no mat- 
ter how much they have varied during the previous twenty-four 
hours. This is accomplished by an ingenious pin and cam motion on 
the hands, which is actuated by the current, and which moves all 
the hands to 12 o'clock and immediately releases them again, each 
supplemental clock being complete in itself. This correcting attach- 
ment may be put onto many clocks already in use, and they can be 
set by merely connecting them about noontime to the many circuits 
through which this noon current is sent from Washington. It is in 
practical operation over lines covering more than 50,000 miles of 
territory, and is said to be the only system accepted and adopted by 
the United States Government in all the Department buildings at 
Washington. It is stated also that time is sent from their lines to 
Spain via Havana. 

For a well-illustrated and detailed description of the well-known 
Hipp's system of electric clock and time distribution in eastern 
Switzerland (exhibited in the Swiss section, gold medal) see La G^- 
nie Civil, March 24 and 31, 1888. 

The ** Horatdl^phone" exhibited by Salvaing (French section, hon- 
orable mention) is intended to replace the expensive tower clock in 
small hamlets and villages, by a small clock which by electrical 
transmission will strike the hour and half hour (by repetitions of 
the hour) on any convenient tower bell in a church tower or public 
building. 

QAS LIGHTING. 

The exhibits in this class were not numerous, as such apparatus, 
so very common in the United States, is used very little in France, 
owing greatly to the fact that gas is used much less in private houses 
than it is in the United States. Oil lamps are preferred by many, 
even by the wealthy. 

Some ingenious devices were exhibited by N^ and also by Qiraud 
(both French). One of them was for lighting a burner by the act 
of turning the cock. The apparatus was simple and could be at- 
tached to any burner, plain or Argand, between it and the end of 
the bracket. The turning of the cock lights a small auxiliary flame 
which is long enough to light the main flame, and which is again 
turned off when the other is turned on full. The objection is that 
the gas flame can not be turned down partly without causing a leak 
from this small flame. Also, that in this as well as in other forms 
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r this (iovicf. ill is possible, by leaviug the cock partly tunied. to 
wp lUu liiilttfiy short-fircuite<l, a case which ia not (xissible in the 
musl Aniei'icau forms. A nio<lificationof thiswasshoH^l.fo^light- 
; from a short distance by lueiias of a ruhbf r bnlli aad small flexi- 
Ue tube, the air pressure from which turneil lliB rock by means of 
I Rmall piston forming part of the mechanism. 

I Jiefervnce. — For electrical ignition in gas onginL-s see "Miscella- 
8 api)licatious," below. 

DOMESTIC APPARATUS. 

[ Numerous minor devices were oxbibiteil for various purjxises, 
kieQy io private houses, but they were mostly either of the nature 
f playthings, or of little novelty or importance. One of the most 
tnmon was a small low resistance battery or accumulator conven- 
Btly arranged in a box ha\nng a contact key, a small spiral of fine 
P»tinum wir^ and a small wax taper touchiugthe latter. On press- 
ing the key thecurrent heats to redness the coil of platinum which 
lights the taper. From this a candle or another taper can then bo 
lit. These appear to be used largely in France, judging from the 

Irge number of exhibits. This may be due to a great extent to the 
iry high price of matches in France. 
hi< 
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J Under this heading will be mentioned only those applications in 
which small currents are required, as distinguished from those in 
which currents of greater quantity are required, and which therefore 
belong to the same class as dynamos, lamps, motors, etc.. which see 
for such miscellaneous applications. It will be noticed from the 
following numerous applications that electricity is coming into use 
very largely and in very many different ways either as a simple 
substitute for other means which would require very complicated 

tchsQical apparatus, or as an auxiliary means for doing what could 

t have been done otherwise. 

OAS KNOINES WITH ELBCTRICAL lONITtON, 

■ The ignition of the gases in gas and petroleum engines by an 
rtric spark appears to be coming into use more generally, judg- 
pg from the large proportion of engines exhibited in which this 
»y 18 preferred to the gas-flame ignition. There were exhibited 
frenty-one different systems iif gas and petroleum engines, counting 
B various different exhibitors of the Otto engine as one exhibit. 
f tbe&e, thirteen (or C2 per cent) used electrical ignition, and only 
tfht (or 38 per cent) used the gas-ffame ignition. 
Hivtoricul. — The following abstracts regarding the history of 
ricol ignition ai-e taken from a paper of Mr. Delamere-Debyut- 
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teville, read before the Institution of Mechanical Engineers July 3, 
1889. In 1844 John Reynolds used a platinum wire heated by means 
of a battery. A mechanical contact maker and breaker started and 
stopped the current at the proper moment. In 1850 Shepherd used 
an electro-magnetic generator in place of a* battery. In 1857 Bar- 
santi and Mattenni used a Bunsen battery, with a de la Rive multi- 
plier, the sparks from which were used. In 1860 Lenoir replaced 
the de la Rive multiplier by a Rhumkorff induction coil. The 
primary current passed continually, and the secondary was closed 
when the spark was required. There was difficulty in timing the 
spark exactly. 

Oeneral. — The heated platinum wire is apt to become cooled at 
the moment of the passage of the gases, and it can not be timed 
sharply, besides requiring considerable battery power. It therefore 
seems to be abandoned. All the engines exhibited used the spark. 
The chief advantages of the spark over the gas flame appear to be 
its very high temperature, which is of importance, especially when 
poor gases are used ; it is independent of cold or moist air ; it re- 
duces the temperature of the valve chest and parts, and thereby 
facilitates lubrication of those parts and does away with incrusta- 
tions formed there ; in some of the systems it can be very definitely 
timed, which is claimed to be very important, as there is said to be 
a considerable difference in the power if the time of ignition varies 
one-twentieth of a second. The disadvantages of using electricity 
in place of the gas flame depend upon the particular system used ; in 
general it introduces something with which the ordinary mechanic 
is not familiar. 

Classification. — The systems exhibited are here divided, for con- 
venience, into four classes. All, in common, use electrical ignition 
only, having no means for gas ignition, showing that they can rely 
entirely upon the spark. In all but one the spark is made to pass in 
the cylinder ; in the other it is in a special chamber. The insulation 
of the parts entering the cylinder are variously of porcelain, plaster 
of Paris, or asbestos, in order to stand the heat and the mechanical 
pressure of the explosions. 

First system. — In the first system a battery, generally two or three 
large Bunsen or bichromate cells, is used with an ordinary Rhum- 
korff induction coil having a simple hammer vibrator ; the vibrator 
acts all the time while the engine is running, and the spark of the 
secondary coil is operated by various means. In all of these the 
spark passes between two fixed points in the cylinder. The ad- 
vantages of this system over some of the others is that there are no 
moving parts entering the cylinder ; that there are numerous sparks 
generated instead of a single one, as in some of the others ; and that 
the spark can be well timed. The disadvantage is that the vibrator 
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actc all the time, whicli is bad for the contacts of the vibrator, ami 
^pnenmes battery piiwer ooutinually. 

wDttaiU. — In llie eof^ine exhibited by E. Roger (French section) 
e secondary circuit ia normally opoii at a sort of switch outbide of 
B cylindpr, which is operated by the moving parts of the engine, 
|nd is closed the instant the spark is required for the exploaiou. 
(?hen the switch is closeil the oidy break in the secondary circuit is 
i the cylinder, where the sparks are tht^ni^fore produced. It is evi- 
Heitt that no premature explosion* can take place-. 
[ In the engines of Louis Charon and those of Solomon Fr&res and 
tenting (French section) the secondary circuit is continually short- 
uited outside of the cylinder, except the inslant when the spark 
I required. Premature explosions can not take place unless this 
bort-circuitiug switch is exceedingly dirty. They used two large 
Vlls. 

[Those of Thomas Powell (French section) differ essentially from 
©others, iu that the spark passes continually in a spark chamber, 
bich is closed by the slide valve. When ignition is to take place 
wrt in the slide vaive makes tliis spark chamber communicate with 
be cylinder, thus igniting the gases. The length of the spark is 1.5 
Billimeters, or alx)ut -^ inch. They claim that the instant of igiii- 
«m can be more accurately and definitely timed by these porta in 
ne slide valve. There is probably more irossibility of premature 
" plosions, as in the flame-ignition engines, causing it to "sneeze." 
Wy use only one cell of two carbou plates in bichromate solution, 
Ite zinc being in sulphuric acid in a porous cup. 
* Second system, — In the second system a battery and induction coil 
e used as before, but the primary circuit, instead of the secondary, 
i closed when the spark is required. The vibrator, therefore, acts 
fcly while the primary circuit is closed, thus economizing battery 
iBwer, It has the same advantages as the first system, excejit tliat 
ibe spark is not so definitely timed, and is not so sure, as it is nec- 
essary that the vibrator starts itself and responds promptly ; to do 
this it must be well adjusted, and its contact must be very clean ; it 
B difficult, if at all possible, to clean it while running. 

) this class belong the engines of the Soci^t^ des Moteurs k Gaz 
ill^s, A. F. Xoel (French section), and of the Soci^te Anouyme 
1 Moteurs Inexplosibles au P^trole et au Ga?, (Belgian section), 
lese the jirimary circuit is operated by a contact piece on the 
t or other moving part, and a brush sliding thereon, usually 
kde a<ijiistable iu order to time the .si>ark. The one exhibited by 
buart Fr^res et Cie (French section) was a double-cylinder engine, 
din addition to the above there was a second contact piece on the 
[solving shnft connected to the secondary circuit, and having two 
" tabes, the object of which was to switch this secondary circuit 
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alteruately to i^acli of the two cylinders. They used only two large 
oue-gallon bichrumatu cells, The frame of the engine was used aa 
a gi-ound-retum circuit for both the primary and the secondary cur- 
rents. 

Tliird system, — In the third system a magneto machine is used to 
generate the spark withtmt au induction cuil, TJie armature of ihu 
magneto, usually a simjile SiemenB H armature, is kept from re- 
volving by a strong spiral spring. For each explosion it is revolved 
on its shaft through Ou degrees against this spring and allowed lu 
snap back to its normal position, during which rapid return motion 
it geueratiis a momentary current. An int^tant after the armature 
is releaseil, and at the moment when its current is a maximum, the 
circuit is broken in the cylinder, producing tliert- a single bright 
spark. The advantages are that no battery is reiiiiireil, there is nw 
roil with a vibrator to keep in order, and it is always ready to 6t«rt; 
as Uiu high rate of rotation necessary to generate the current is pro- 
diicetl by a snap movement, no great speed of the engine is required 
at starting, as would be the case if a dynamo was used in placo of a 
magneto. A disadvantage is that only one spark is produced iu 
place of anumberof them aa in the other systems, but as it is a much 
more powerful spark, and quite positive, this does not appear to be 
an objection. In this system there must be moving parts entering 
the cylinder to break the current then-. 

The engine* of Gk)tendorf & Co. and of E. Debiliaye (French sec- 
tion) were of this class. In the latter thi? exact time of the spArk 
may be adjusted by a cam movement. The engine of W. C. HomB 
(British 8octiun)also belongs to this class. It differs from the othw 
two in that the H aimatuie is normally in the stable jiosition info 
which the magnets would pull it, the spring assisting it to return to 
this [Kisitiou, while iu the other two the normal position is tlie 
unstable position, in which it is held against the magnetic pull by 
the spring, which must, therefore, necessarily be much stronger. 
The spark ia produced between two steel springs in the cylinder, 
operated by means of a rod passing through a etuffing-box. Tbm 
riid haa a rotary notion instead of a longitudinal one, thereby facil- 
itating tlie construction of the fireproof stuffing-box. 

Fourth system. — In the fourth systeri) a dynamo or magneto is 
turning all the time, generating the current, which is broken in tha 
cylinder directly withiiut a Ruhmkorff coil. The disadvuntngm (if 
this system are that iti starting the engine sufficieut speerl must be 
produced by hand liefore the dynamo will generate sutllcient current 
to produce a spark. 

In the engine of E. Durand (French section) a small, simply mag- 
neto is used, geaeratiug an alternating cwreut. Both wires ar» 
iusulated; that is, the frame of the engine is not in circuit. The 
circuit ia broken in the cylinder by a revolving rod, as in the eu^aa 
of Home. No self-indnction coil iw uswi. 
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III thf Baldwin Gns Engine (United Statfls sertion) tlift current is 

nemted by ii small shunt-wound dynamo of about one-eiglith 

3 power. It is Oriveu directly from tlie fly whefl by a friction 

lllfiy, the prPHsure being produced by its own weiglit. There are 

1 friction puUpys of different sizes. The smaller one, for high 

>ce<i. is nsed only for starting. There is a self-induction or spark 

: in (.Hrcuit, and the circuit is closed excupt when the spark is 

"required. The bri?akinK of the circuit is operated by an insulated 

pin passing into tlie cylinder and having a longitudinal motion. It 

is difficult in this arrangement to keep the contacts in the cylinder 

lelean, esi^cially as the tendency of this particular construction is 

9 destroy its own contact. 

MINE BLASTINO. 

f There are two classes of electrical mine blasters — the low-tension 
s or those in which the ignition is caused by a heated wire, aud 
ne high-tension class, in which it is caused by a spark. A special 
pnimission ap|>ointed by the French Government in 1S88 to esani- 
e the matter of raiue blasting reported that tliere were important 
njections to the high-tension caps, and that they recommend the 
© of those of low tension. The chief objections to those of high 
msion are tlie following : The impossibility of exploding the caps 
i the leads are jierfectly insulated, the difficulty of making 
pein all alike, and the danger of igniting the fire damp should 
lere be a leak from the wires. 

L Among the exhibits of the low-tension claes was one of Manet 

rench section). The chief advantages claimed are the simple and 

Blid construction of the caps, their cheapness, and the fact tliat 

%ey are all absolutely the same by virtue of their construction, 

pliich is entirely by machine. The caps are of a glass tube con- 

»niug the chlinate of jMJtash powder (not gun cotton), and closed 

f a wooden plug through which i)ass two metallic pins, to the inside 

8 of which is soldered a fine platinum wire 0,377 inch long and 

^e-twentieth of a millimeter (u.t'Olii? inch) diameter; the leads are 

jiected to their pins ; the resistauce of a cap is 3 ohms ; they ap- 

r to reiiuire frum one-third to two-thirds of an amll^re. The ex- 

r is a small hand dynamo weighing only 3i2 jwiinds ; the size is 

lly about 10 by H by 8 inches. It has an electromotive force of 

lont 80 volts. It is a self-exciting series machine, and is turned by 

brsok and a train i>f four gear wheels. An automatic switch at- 

jcbed to the dynamo will switch the current into the external cir- 

ni the moment it has reached the proper strength. It is able to 

Iploiie eighty fusas without a line resistance, or twenty with a line 

of 4 ohms. The line resistance is proportioned so that 

) total external resistance is the same, namely, fi4 ohms for any 

bmber of fuses up to twenty. The diameter of the leads must 
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therefore he chosen in accordance with the distances, which is a fea- 
ture not without its objections. The advantages of the dJ^mlll'^ iinj 
that it. is iuiiejiendeiit of the state of the atmosphere, and itit current 
is always exactly the same. The dynamo includes a hell-tt'sting ajv 
pliance. by means of which the continuity of the circuit may he 
tested before proceeding with tlie explosion. 

Burgin (Swiss section, bronze msdal) exhibited a small and very 
conveniently arranged hand dynamo for the same purpose, with th« 
addition of a switch by means of which either a high-tension spark 
or a low-tension current can be produced by different internal con- 
nections of the dynamo. The dynamo is automatically ewitclied 
onto the circuit at the proper moment by a magnet in the main cir- 
cuit. A cap was exploded in the presence of the writer through the 
joint resistance of four persons in series joining hands. 

Breguet. Ducretet, and others exhibited mine explodurs of the 
old form of a steel magnet with soft-iron pole pieces surrounded by 
coils, the spark being produced by a suddou tearing off of the anna' 
ture produced by a blow with the hand. Scola & Ruggiori (Fretch 
section) exhibited one of these with the additional improvemput 
that the soft-iron cores were laminated, by which the induction and 
therefore the capacity of the apparatus weis increased. 

ELBCTRtC OROAKB. 

Historical. — The first application of electricity to musical instni* 
ments having a keyboard is said to have been conceived more thwi 
one hundred years ago by a priest from Nivemais, named Jean Bai>- 
tiste Laborde, but how it was to be applied the record unfortuuately 
does not state; it was. presumably, a mere vague prophecy. The real 
history appears to have begun in 18CT'-'C8. when an Englishinau 
named Barker, aided by a barrister named Pescliard, constructwi 
the first electric organ in the church of St. Augustiu at Paris. Th» 
principle appears to have been simply to open the valves of the or- 
gan pipes by electro-magnets the circuits of which were closed by 
contacts at the keyboard. This did not prove very satisfactory, 
owing to the large battery power required, not only in the numbur 
of cells, but also in their capacity. 

To overcome this important objection Messrs. Schraoele & Hols, 
of Philadelphia, devised an ingenious relay system, called theeleclro- 
pneumatic system, in which the function of the electro-magnets was 
not to open the valves themselves but merely to open a small npertare 
under the valves, which admitted the compressed air used to blow 
the organ, which in turn openeil the valve: thus the force rocjujrod 
by the magnets was very small, the actual work of opening the valrM 
and moving the mechanism for the different stops Ijeing done bytba 
compressed air with which every organ is already supplied. 
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iOeneml. — In gt-neral in an electric organ thero is a contact con- 
i witli each key and stop nf the keyboard, and a wire for each 
1 the current to the respective pipe or stop raechaaism and 
Btuatcs oioctrn-magudts Iheif. which iu turn opi^ratt- lUrwctly ui- in- 
wtly the pipes ami etup lULichiinisin. The ftdvtuitages of electric 
krgans over those openvted by purely laochanicalmeansare as follow>i: 
lia only connection between the keyboard and the pipes being liy 
leans of electric conductors, the keyboard and the pipes may be 
Jed any desirtnl distance apart, and either of them may be placed 
i any convenient part of the church or building, irrespective of 
fcere the other is placed ; the same keyboard may also be used for 
fcveral difFereut organs, separately or together, by means of a sim- 
! switch putting the battery on either one or the other organ or 
bth together ; or there may be several keyboards for the same or- 
|m ; the keyboard may be moved about, being connected morely 
% flexible cable. This electric oomluctor takes the place of and 
i with all the complicated levers, pins, wires, and angle 
JCB3, which aru otherwise necessary to connect the keyboard with 
bo pipes and which, being very complicated, are apt to get out of 
•der and to be affected by moisture, dryness, and dust, causing 
briation in their action. The force required by the player in de- 
pressing tlie keys and moving the stops, l>eiug merely to close a 
'\ contact, is practically nothing. The keyboards, stops, etc., 
1 be brought into as small a compass as desired, thereby making 
t easier for the player. 
Organ exhibited. — There was only one electric organ at the exhibi- 
It was exhibited by Mesai-s. Merklin & Co. {French section), 
tod made in accordance with the patents of the American inventors, 
isrs, Schmoele & Mols. The organ proper was in two parts, 
kcad at tha two ends of the upper gallery, while the single key- 
»ard was in the center of the main flo<jr below. The system was 
t called the electro-pneumatic system mentioned above. 
Valve mechi mis m. — The mechanism for opening the valves and 
Sop Working the mechanism of the stops may be briefly described as 
follows: The valve is attached to the movable part of what might 
B termed a small pair of bellows directly below it, and in the same 
npressed air chamber. The compressed air normally presses on 
pth the inside and outside of this bellows, and. therefore, does not 
tate it. The action of the electric magnet is simply to open a 
l aperture of this bellows, allowing the inside to communicate 
ith the open air ; the pressure of the compressed air ou the outside 
I tho bellows consequently closes it, ami hoing attached' to the 
klTe of the organ pipe, it pulls it open, forming with it a sort of 
taced vslve. The force required by the electro-magnet is there- 
B very smalt ; the armature weighs only a gram (13 grains) and 
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its movement is only 1 millimeter (^ of an inch). All the mechan- 
ism of the stops, no matter how heavy, is actuated in the same way 
by a sort of bellows, larger in proportion to the work they have to 
do, and controlled electrically by a very small magnet. 

Contacts. — As the current used is very small the contacts may be 
made very simply. They consist of small, flat springs of German 
silver, which are attached to the lever of the key, and slide over a 
fixed contact piece, thereby cleaning themselves each time they move. 
In the older systems of electric organs in which the yalves were 
opened directly by the magnet, the currents necessary were so great 
that the contacts had to be made with mercury cups and wires dip- 
ping into them. 

Battery. — Five Lalande & Chaperon cells are said to be sufficient 
for a large organ and will not need attention more than once in sev- 
eral years. In one of their organs at Lyons four of these cells were 
used ; the box containing them was not opened for three years, dur- 
ing which time they did not fail once. The cost of recharging them 
is very slight, amounting, it is claimed, to only 40 to 60 cents a year. 

Cost, — The cost of these electrical organs is stated to be the same 
as that of mechanically operated ones. 

MELOORAPH AND MELOTROPE. * 



« 



Carpentier (French section, gold medal, for this exhibit alone) 
exhibited in the class of musical instnunents a set of instruments 
called melograph and melotrope. The object of the former is to 
make an accurate and permanent record of what is being playe<l 
on a special piano. The object of the melotrope is to mechanically 
reproduce this music on any other piano from the record of the 
melograph or from duplicates of the same. The melograph operates 
electrically as follows: A contact is secured to each key of a piano; 
these are connected by wires to the melograph proper, which con- 
sists of a corresponding number of electro-magnets, operating a set 
of ink-writers, which record a series of parallel broken lines. The 
relative positions ot the lines of this record, therefore, indicate the 
l)itch of the notes, and {\\e lengths of the lines indicate the time or 
length of the note. For a range of three octaves, or thirty-seven 
notes, the record is a band of paper, about 4 to 5 inches wide, having 
room for thirty-seven parallel lines. Tliis band of paper is made to 
l^ass tlirough the melograph or ink- writer at an absolutely constant 
rate of speed by means of a small electric motor and an ingenious 
mechanical regulator. From this melograph record any number of 
duplicates are tlien made, in the form of a band of stiff, tough pai)ery 
with rectangular holes punched through them, corresponding in 
position and length to the marks on the original record. These du- 
I)licates are sold in the market and are ready for use in the melotrope. 
The latter is a small rectangular box, placed over the keyboard of 
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^y piano; it is upemtHil by a rraiik aii-l fly whiH-l ftnd strikes the keys 
f meaiia nf jiins. Tim jjerlomted Ijauil of pivijer ia ^lassoil in at one 

mi ftiid (Hit at the other, Tts operation is purely meuhivuic^Ll, and 
lefoforo lioes not come vrithiii the snope of tlio present report. Foi- 

I vory good iiinl fully illiLstrated ilesoriptioti of the wholw set. uf 
■aratus. see Ln Liimiere Eloctriqiie, Vol. xxvi, 1887, No. 53, p. (351. 

AirroMATtc wsiuRiKii mac'Ritib. 

[ Among the weighing machines was one called the Spolyrovo olec- 
rio weighing machine, exibited by Messrs. W. & T. Avery (Brilish 
totiou), in which the ojwration of adjusting the sliding weights oa 
me steelyard or beam was pi-rfonued autoraiitically by electrical 
peaos. The object of this machine is lo comliiiie the accuracy, 
sliability, and gi'eat ca|>acity of the lever or be;im scale with the 
Mif- indicating advantages of the spring balance. All that tlie oper- 
[.Ifttor ncotlit to do is to ]dac.e the objects to be weighed on the plat- 
form of the scales and rwad <ifF fhe unmbiTB on tlu- diab wh«n the 

jelysrd \\us come to rest. 
I As the construction of the automatic apparatus for adjusting tUo 
reighta ia very complicated and intricate, perhaps move so than is 
teessary, notliing more than a general de3cripti<m of the principles 
t this operation will lie given here. In Engineering, June 31, 18S!1, 
keru are some- good working drawings of one of these scales, differ- 
Bg only slightly fnjra the ime eshibited; the description, however, 
1 not very clear. 

L Tlie general construction of the scale is that of the usual plat- 
(orm beam scales, having two sli'liiig weights, one small and the 
|.«tlier large. The whole of the operating mechanism is on the 
>am itself. This is an essential feature. At the free end of the 
I place of the usnal stops for limiting its movements, 
I two electrical contacts, one above and one below the beam; 
sillg tho upper one causes the weiglits t(j a<Ivance on the beam. 
a lower one cansos them to recede. One or the other of these con- 
icts will therefore always be closed as long as equilibrium lias not 
»n reached, and the mechanism will not come to rest, even if it 
s made a mistake, until the beam rests between the contacts, when 
iQililibrium has been reached. In a scale for 500 kilogram.^ the 
Ul weight will adjust itself in steps of ono-half kilogram up to 
\ kilograms, and the large weight in stieps of 10 kilograms up to 
The mljnsting weights are pushed forward by a small fixeil 
jctric motor on the beam. Theyare brought Ijack bysprings. In 
wing the goods to be weighed, for instance SC..5 kilograms, on the' 
latfurm, the Ijoivm will move up and close the upper contact. This 
arts the motor, which pushes the small weight out to the extreme 
' , reghitering 0.5 kilogram'*. <.)n arriving at the end of the l)eam 
C Closes another contact which causes the large weight to be pushed 
H. Ex. 411)— VOL IV 10 
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out ill steps of 10 kilograms, until over balanue is reitclied. whit-li in this 
case would be at 80, therefore registering altogether 89,8 kilo^^ratns. 
Tliis causes the beam to tilt and to close the lower (routact. This in 
turn relieves the small weight, which mf»ves back by a ste|i-by-atep 
escapement until exact balance is reached at (i.5 wlieii the beam will 
rise, open thecircuit, and rest between the two contacts. On taking off 
the load, the beam fallsand closes the lower contact, whioli releases 
tlio small weight, which, when it arrives at zevo, rloses a contact 
there that releases the large weight. Itwill be seen from this, that 
should the machine make a mistake by moving the large weight too 
far. the automatic action will be to bring both back to zero and make 
them start over again from the beginning. The weights, can not 
come to rest until equilibrium has been attained. A weighing ia 
stated to require from ais to twelve seconds, while two to three sec- 
onds are required for the return of the weights to zero. For ordinary 
intermittent work, a battery of large Leclauch^ cells is said to be 
sufficient, 

A uumbor of difficulties in an electric scale of this sort are over- 
come by the ingenious idea of making the small weight move first, 
to the extreme end of the beam, then moving the large weight out 
to overbalance, and finally moving the small one backwards to the 
required position. This operation is the reverse of the natural one 
in adjusting by hand. 

Scales weighing up to 1,000 pounds adjust to a pound, that is, to 
one-tenth of 1 per cent. Those for iO.OOd pounds adjtist to 8 pcjnnds, 
that is, to two-tenths of 1 per cent. 

While the machine in its present form is probably too complicatud 
to come into use very largely, the principles are good and will doaht- 
lesa admit of a simpler construction. 

ttkCmSK FOB APTOMATICAU.Y WEianrNQ OFF AN EXACT AHOCKT OF YABS. 

The object of the machine is to weigh off rapidly and with precis- 
ion an exact predetermined amount of yarn and to wind it into baits 
or otherwise, in the form in which it is to lie sold. It was exhibited 
by Mouchfere, in the French section, in Class .54 (Ap])lianccs and 
Methods of Spinning and Rope Making). 

It consists essentially of a pair of scales, an apparatus fcir feuding 
the yarn on to the scale pan, an apparatus for stopping this feed at 
the proper time, and a machine for winding the measured amoant^ 
of yarn into a ball or any other desired form. 

The yarn is placed in skeins, as it comes from the spinning tna* 
chine, iiiwn two reels or rollers above the machine. The thread 
passes loosely between a pair of smooth jaws like those of aviso; 
thence between a roller and an idle pulley resting on it. and finalljT 
into alight cylindri^-a! box of tin, which is the scale pan of the 
weighing scales. 
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■ By means of h elutingL'tiriii^Htnl iilrtrirt- wlii"'! tliiHri)lli>r is tiinu'il 

lidly (Ijy Uimd rjr by other power) ami pulls Mn' thr»iul uf yarn uff 

»kein auit into the box as lun^asllte iilKi [lulU'yroxts aguiiii^t thv 

ler. The tin bnx into wliioh tin- yarn \» that f^'il i» <m mn* arm of 

»ir of waies, on llio nthor arm of which i» pUcod tin- rwjuiiixl 

■sight. On the weighted eud of the lU^ales there is a wire (lipiiinK 

I a mertMiry cup, thereby koupiuo^ an oloctrical oireuit, from a 

rttery or smaH dynamo, closed, as long aa thiJi-e is not the reipiirnd 

mount of yarn on the j»aii. In this drciiit there is a piiwerful I'h'iv 

>magtiet, the armature of which is secured by levers to tint fillo 

rulley and vise jaws describe<i above. As 8(k>ii as tlie Wflidtht of the 

■n, which IB being fed on to the scale pan, is siilUcient to counter- 

Hlaace the weight on the other arm of the scales, tho tilting nf the 

»Ie beam opens the o]er;tric circuit at the mtTcury cup and thereby 

ies the armature of the magnet which in turn raiBoH tho itUe 

y from the feed roller, thereby stops the feed, and closes tlie 

o jaws, which then hold the thread securely at the required jmiut. 

1 empty scale is then put iu place of the one which is full; and 

B the second quantity is thus lieiiig weighed olT the first is sim- 

taueously wound into a ball by a simpli- winding apparatus at- 

1 to and oi)erate<I by the same machine, 

1 success of the machine seems to Iw dii(> to the fact that the 

sighing and the winding are not one and the name, but are two 

Rlccessive oiierations. The precision with which the yarn can thus 

6 weighed depends evidently only on th>' stmHiliveness of the hal- 

9 used. Instead of ojjening a circuit when (he reijuired weight 

i reached, the apparatus might be arrangixl to done a circuit, tlnm 

wnomizing enrrf^nt. But the latter would have the ilisiwlvantage 

1 should the cunvnl. from any csuiw, fail it would not render 

elf evident, aa to the reverBe arrangement, in which, if the current 

, it stops the feed. 
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Among the weaviug and knitting machines wn« one eKhibite<l by 

Emmanuel Buxtorf (French section), in which llie iluiiign, in two 

|DloTs,was imximwd bya verysimitleelo'.'tncal contrivance attached 

'a tho ardiuar>' itMohiruM. Il in » vxry go<jil i-xaniple of a i'mm^ in 

fFhich a ver>' simple eludrical atUkchnumt Uiu uiiw-lilni'Wilj jHtrform 

B operation which would require n very cDinplii'ttUNl up|tarnlun to 

p mechanically, if it could l*» 'low* at all. 

I'Tbe machine i-< f'>r tnnWifu: iii;i('-riiil lJt<>' tliitl for Jenu^yo, h'Htiery, 

C, wllivli i" rii . I'll l» woven of a i.in- 

ethrwid. wbj< ■ ii-cular niovement 

» knitting j. i. wM.'b n «t.".kiii|{ 

llraH. Tked' .'Is 

t two col- 'ig 
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therefore practically the equivalent of a single thread the two sides 
of which are colored differently. These are led to the needles side 
by side, so that one of them hides the other, therefore making one 
side of the material one color and the other side the other color. By 
merely interchanging the relative position of these two threads a 
design of two colors is produced, the one on the back being the neg- 
ative of the design of the face. 

This interchanging of these two threads is effected by means of 
two light guides, which are moved by an armature of a small electro- 
magnet, which is attracted or released according as one or the other 
colored thread is to form the face of the material. The current for 
the magnet is made or broken by a contact- pin sliding over the sur- 
face of a small rotating brass cylinder on which the design has been 
painted with thick shellac or other insulating compound. Whenever 
the pin passes over the shellac the circuit is broken. This design cyl- 
inder is rotating in exact correspondence with the cylinder of mate- 
rial which is being woven, and also has a corresponding axial mo- 
tion, so that the position of the contact-pin on the design cylinder 
corresponds exactly to the place on the material where the thread is 
being woven into it. The exact place where the threads are to be 
interchanged corresponds, therefore, to the place wliere the current 
is made or broken by the design of shellac on the brass cylinder. By 
rotating this design cylinder two or three times as fast, the design will 
be produced in two or three places, respectively, on the material; 
by increasing or diminishing the axial motion of the design cyl- 
inder the design will be shortened or elongated, respectively, on the 
material, producing quite different effects. 

The original design is evidently not limited in any way as to its 
shape, outline, irregularity, or simplicity. Owing to the nature of 
the weaving, the color on the back of the material shows through 
lightly on the face, making the face slightly less definite and 
prominent. 

The operation of weaving a colored thread into such material was 
done before by mechanical means, but it was limited to geometric 
patterns, and the mode of weaving in the colored thread rendered 
the material inelastic. 

LOOM ARRESTER. 

Among the electrical devices for automatically stopping a spinning 
and weaving machine when a threful is broken, or in general when 
any fault arises in the process of the weaving, were a number of 
devices exhibited by Radiguet, (French section, class 55). The action 
is, in general, that any fault or failure in the weaving will cause a 
contact to be closed which actuates a small, light magnet. The action 
of this magnet is simply to trip a small lever, which therefore requires 
only a very small current. The releasing of such lever puts into 
action a more powerful mechanism, which shifts the belt and stops 
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iiachine. By this means a very small current is sufficient to 
•tuate the necessarily heavy mechanisms. The apparatus further- 
horo cuts tho curn^ot off as soon as the mechanism has operatej, to 
troid waste f>f current. It ia furthermore so arranged that the 
firorkman can not start the machine until the fault is repaired. The 
ifiventor prefers to employ metallic circuits throughout, instea<i of 
IBing the frame as a return circuit. He seems to have been one of 
lie earliest workers in this field, havint; begun in 1865. He claims 
At over 8.000 looms are already fitteil with these devices. 



\ Millet (French section) "xhibited a tricycle of peculiar coustruc- 
KoD, with spring spokes and flexible rim, which was operated by a 
sort of gas motor, the gas being ignited by electricity from an in- 
duction-coil and a small primary battery. There was nothing novel 
or important about the electrical portion of the apparatus. 
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r Debayeux (French section, honorable mention) exhibited a voting 
ichine. The voter moves a jjointer opposite to one of a vertical 
t of names and pulls a lever. Kothing more could be ascertained 
lout the eslijbit. 

KLEtTRIC LOCK, 

Piret and also L^monon (both French) exhibited an electric lock 

a door, which enables the door to be opened from a distant point 

a push-button. It is an attachment to replace the metallic part 

tho jamb of a door, into which the bolt of the lock passes, and 

in therefore be adapted to any existing lock without changing the 

lock itself. An electro-magnet trips a lever which opens the side of 

tliis catch, enabling the end of the bolt to pass out through the side 

uiiol>struct«d without withdrawing the bolt of the lix;k, A spring 

pushes the door open slightly. It is for use in public buildings, as 

for instance for the exit doors of factories or [irisons, the fire exits 

for theaters, etc. Also for the fi-ont door of houses divided into 

Ists, etc. 

A»D ISDICATma 1 



Numerous flectrical devices were shown for antomatically regis- 
tering or indicating at a distant station various meteorolgicat obser- 
vations, such as teni|)erature, direction of wind, rainfall, etc. ; also 
the level of wat*r in reservoirs, the rise and fall of tides, etc. Such 
niiparatus belongs more properly to other classes, such as meteo- 
rology, instruments of precision, engineering, etc., for which see the 
reports of other experts. 
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IV.— ELECTRO-CHEMISTRY. 

ELECTROPLATING AND GALVANOPLASTICS. 

General. — The deposition of thin coatings of metal from their 
solutions, by electrolysis, practiced on a commercial scale more than 
thirty years ago, is shown by the exhibits to have reached a very 
high state of perfection. The improvements made more recently 
have been chiefly to improve the adherency of the coating, to vary 
the nature and appearance of the coating, to increase the list of 
the metals and alloys which may be so deposited and on which ad- 
herent depositions can be made, to coat insulating materials, to 
color with the oxides of metals, etchings, etc. Among those metals 
exhibited which formerly presented difficulties are platinum, zinc, 
tin, iron, cobalt, arsenic, black oxide of iron, brass and bronze, as 
metals to be deposited, and zinc as metal to be coated. 

Galvanoplastics, or the deposition of thick, self-sustaining masses- 
of metal, is coming into use very largely on a commercial scale^ 
chiefly for the manufacture and reproduction of ornamental, artistic, 
or historically interesting metal goods ; important among these are 
the productions of busts, statues, solid silver goods, and reproduc- 
tions of antiquities, in their original metals, even iron, such as iron 
armors. 

Electro-metallurgical processes, for reducing the metals from their 
ores, are also being developed on a commercial scale. Among the 
exhibits in this class were three electrical processes for obtaining 
aluminum, one for zinc, and one for obtaining pure iron from iron 
scrap. Other electrical processes belonging to this class included 
one for making sulphate of copper, one for bleaching, and one for 
purifying water and liquors. 

Exhibits by countries. — ^With the exception of two of the metallur- 
gical processes, all the exhibits were in the French section. While 
they were probably not as complete as might be desired to show the 
full state of the art, yet they were very interesting and showed con- 
siderable development. 

DETAILED DESCRIPTION. 

The following detailed descriptions are confined to a summary of 
some of the more interesting exhibits. As the processes are in al- 
most all cases kept secret, it leaves little to be described here, more 
than a mere mention of the principal exhibits. 

Christofle,— By far the finest exhibit of electroplating and galva- 
noplastics was that of Messrs. Christofle & Co. (French section), 
who were one of the few in the whole electrical section who 
ceived the high award of grand prize. They are the oldest anc" 
est house of the kind in France, if not in the world. Th 
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sarrieti tiif art to a state of perfeclion wliicli fow if uny others have 

Tbeir exliiWt tjf reproductions of works of art and antiqiiiticR in 
Jieir true coloi-s and metals, by electro-rlieniical means, wan one of 
ihe most interesting portions of their exhibition and appfai-s tn he 
iheir 8])ecialty. Among their exhibits of repn)ductionB were lifw- 
s statues of copper; others of bronze and other metiila and alloys; 
mlid silver ornaments luid articles; old steel armors reproduced in 
roil directly; and many other articles, from the most delicate to iarj;e 
kU<l massive pieces. Among the exhibits of electroplating were nain- 
} plated with almost all known stable metals and a nuinl)ei- of 
Hoys of shades of many different tints. Samples of etching. oxi(iiz- 
', coloring by oxidizing, aging, and other effects were also shown. 
6.Dother i)roce3Sof interest is that of superficially bronzing a copf>er 
tatne by plating it with a coating of zinc or tin and then hi<ating 
pt, whereby the zinc or tin will alloy with the copper, forming brass 
r bronze on the surface. 

Their process of making a hollow reproduction in copper of a bust, 
I one piece — that is, without a joint — was shown in detail. The 
mold or cast of the cjriginal is made of gutta-percha and forms the 
cetAining vessel for the solution: the anode is a thin foil bent so kr to 
I roughly the form i>f the inside, but considerably smaller. This 
«ude 18 of lead, not of copper, the metal which is dejiositetl being 
hat obtained from the liciuid only, which must therefore be reneweil. 
Bn the silversmith department they had a beautiful exhibit of very 
rtistic solid silverware made electro-chemically. Such processes of 
Dinkiug ornamental solid silverware have a number of advantagi;s 
nvershapingby hand, giving exact reproductions of the original and 
)eing quite rapid and cheap. They have made many copies or fac- 
niles of historical antiquities from the originals, and with their 
He appearances, for museums and ai-t schools. 
Oiher ejrhihitora. — There were besides Christofle a number of 
f other exhibitors of articles of this class of more or less importance. 
) C. M. Rivand (French section, bronze medal) had a fine exhibit of 
roroamental work and of depositions of the precious metals on in- 
sulating mibstances, sucii as glass ornaments, agate handles, vases, 
which the metal, silver for instance, was deposited as a thick 
layer and afterwards carved away in designs, leaving the mettil as 
& decoration on tlie glass, it l»eing secured to the glass by virtue of 
pts shape, as a band, i'or instance. 

L, Magniny fFri'nch section) exhibited a large number of articles 
f vegetable, animal, and other insulating substances, electrfijilated 
r preserving them nr for oriiamentation. Among these were nat- 
i] flowrrs. Icnvfs, irinsses. grasses, insects, laces, ribbons, hats, plas- 
E fliot III 1 I Kiituve. wicker baskets, and many other inter- 

useful articles. Some of tlieso materials are 
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very difficult to plate, uot only on account of getting tht- first metal- 
lic coating on the iusniating substances, but also because many of" 
them are apt to swell and wai']* when in the liath. 

Q. Brtjou (Freni^h section, silver me<lal)h8d a fine exhibit of aristie 
decorative work, including depositions of different colors of alloys, 
oxidations, frosted finish, etching, inlaid work of different colored 
metals and enaniEils. 

Claude Lionnet (French section, silver medal) exhibited a large 
copper statue, once and a half life size, made by electro-chemical dejio- 
sitiou ; also negatives, in the form of i-ollers, of ornamental leatlieis 
for pressing imitation leathers. 

A, Gaiffe (French section, silver medal) exhibited articlei electro- 
plated with cobalt, nickel, old cobalt, and old nickel. The cobsU 
resembles very much the more usual nickel, but is said to have some 
other pi-opertiefl. The old nickel and old cobalt finish presents a very 
fine app<'arance. 

J. P^rille (French section, silver medal) exhibited nickel-plating on 
iron and steel direct by a special process. He uses anodes of nick«l 
perforated with numemus large holes, whereby it is claimed th* 
anode is dissolved better. 

Iron oxide plaiing. — Among the novelties which may be of con- 
siderable importance is a process exhibited by A. de Meritens & Co, 
(French section) for electroplating with black oxide of iron, on iron 
and steel goods, such as rifles, revolvers, and many other articles. It 
forms a vt-rj- hanl, black, glossy coating, which, being alreatly 
oxide of iron, dues not iiist. and forms an excellent and ornanientM 
coating. The promised description of the process was not received 
by the writer : it is probably a deposition and not an oxidizing at 
the expense of the metal, and it is said to be a rapid process. From 
a theoretical standpoint it is a far better coating for ii-on than 
nickel-plating ia, as the latter, hy its electro-chemical affinity, in- 
cri-ases the ti^ndency to rust should the iron he slightly exposed. 

Phifinij wilhinil currfut. — A. A. L. Levy (French section) exhib- 
ited articles, snch »s steel pens, bea^Is, buckles, and otbf^r small, cheap 
metal gt)ods. nickel-plated directly hy simple immersion in a hot 
nickel solution without an electric current. The process is {exceed- 
ingly simple and rapid, and the coating of nickel, though necee.sarily 
very thin, is bright and tenacious, and requires no burnishing. 

Haied zinc. — Henry & Co. (French section, silver medal) exhib- 
ited articles in which various metals and alloys were deposited on 
zinc directly, which was said to have been difBciilt to do formerly. 

Accesaories. — Delval & Pascalis (French section), whi> are the 
sncceesors of Roseleur, who is well known for hi.f work in electro- 
chemistry, had a large and fine exhibit of goods for elect roplatyrK. 
Among other accessories whm an apjiaratus in the form of a pair of 
balances, by miMins of which spoous, forks, etc., wen; suspended in 
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ffv ailvLT hatli, iiml which opened the circuit aiitomjitically when 
a njquired weight of sUver had been depositee!. AnoUier appit- 
) of interest was a copperijlating bath, for ariiitttures, which 
mstitnted itK own battery. It consisted of a bath of sulphate of 
ipper, in which was placet! a porous cup containing a bar of zinc 
k dihitt' sulphuric acid. The article to be piatwl was suspended in 
I copper bfvth and connected to the zinc; this forms a short- 
fcnited battery, the current of which deposits copper on the article 
aieraed. 

MISCELLANEOUS. 
COLORING KLBCTRICA1J.T. 

I'Frederic Wei! (French section, go!d medal) claims to be one of 
e earliest to have copperplated iron and steel directly on a coui- 
jercial scale and to electroplate with other metals. He claims to 
llive been one of the first to have used the dynamo in eiecti-oplating. 
His protiesses are, however, mostly old and already well known. 
His exhibit was chiefly of articles electroplated with the lower oxiiies 
of copj>er, producing very brilliant colors, chiefly blu", gi-een. red. 
an<l yeilow. The colors are bright and clear, the process being used 
chiefly for ornamentation. Articles of auy metal or alloy, even iron 
and steel, may be thus colored directly and very rapidly at ordinary 
nperaturea and in a siuglo bath. Any one color or a variety of 
Mors on the same piece can be produce*! at will It is stated that 
b coating is not exceedingly thin, as is often supposed, and as is 
i case with the lead-oxide coloring. This may be shown by the 
1 that if an article thus coated by his process is treated with 
jent hydrogen the coating is converted into metallic copper, 
|hich has tlie true color of copper, and can not, therefore, be very 

RF.PRODDCTIOK OF K»OKA VINOS. 

»P. E, Placet (French section, silver medal) exhibited what may 

jcomo an imi)ortant advance in making plates for printing from 

ictnres, photographs, engravings, etchings, etc. It is a direct 

process, reproducing all the so-called "lialf-tints" of photographs, 

and requiring absolute y no engraving or "tonching up" by hand. 

Tlie prixiess is. to a great extent, secret, but in general the illustra- 
ton is photographed on a gelatine plate, which is then exposed to 
jB action of light and other similar treatment (etching, we believe), 
pich leaves it with the illustration raised or depressed. On this 
ntheu depositeti electrically a negative of a thick coating of copijcr, 
pm which may be printed directly. The prints shown were very 
l&atifu! reproductions, and were remarkably perfect in the minutest 
pd most delicate details. The process is termed gravure hilio- 
Mpliique. 
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ELECTRICAL PRODUCTION OF SULPHATE OF COPPER. 

An interesting process, for which great expectations are held, is one 
exhibited by Messrs. Perreur-Lloyd et Fils (French section, bronze 
medal), for the manufacture of sulphate of copper by an electrical 
process in which electricity is produced as a by-product and may be 
stored and sold. The process is simply a battery in which metallic 
copper and sulphuric acid are consumed in discharging, forming 
copper sulphate as a residue. The cell consists of metallic copper in 
sulphuric acid, forming the negative pole plate, not the positive as 
usual ; the positive pole plate is a plate of carbon in a porous cup 
containing nitric acid. On discharging the cell the action is as fol- 
lows: The copper is dissolved, forming copper sulphate; the nitric 
acid is reduced to nitrous oxide (NO) which is set free as a gas; in 
order to regain this nitric acid the gas is led through chambers contain- 
ing fragments of coke and filled with steam and hot air, by which it 
is again oxidized to nitric acid, which is then used over again. Theo- 
retically, therefore, all that is consumed is copper, sulphuric acid, 
steam, air, and some heat, while the products gained are sulphate of 
copper and electricity. But in practice there will probably be other 
losses. The quantity of electricty developed is, however, compara- 
tively great ; for instance, for every pound of copper dissolved there 
are 385 ampfere hours of electricity generated ; the electromotive 
force is said to be 1 volt, and the useful difference of potential may 
then be about 0.5 volt, at which rate 192 watt hours are generated for 
every pound of copper dissolved, which corresponds to 0.388 effect- 
ive horse-power hour per pound of copper, or about 2.6 pounds per 
effective horse-power hour, or about like coal used for a steam en- 
gine. Owing to the low voltage, however, it requires a large num- 
ber of cells to develop a sufficiently high voltage to be used directly. 
It is intended probably for charging accumulators in multiple arc, 
but even then about five cells would be necessary for charging a single 
set of accumulators all in multiple arc. The retaining cells are made 
of lava, being cut out of a solid block, which is said to be necessary, 
as the cells must be heated to about 1G0° F. and must stand the ac- 
tion of the hot acids at this temperature. It is claimed that tlie 
process is much cheaper than the present method of making sulphate 
of copper. It appears to have been started only quite recently on a 
commercial scale. 

BLEACHING. 

The Hermite electric bleaching process was exhibited by Patter- 
son & Cooper (British section), and by Darblay Pfere et Fils, paper 
makers (French section). The process consists essentially of elec- 
trolyzing a solution of chloride of magnesium, which, by direct de- 
composition and attending chemical reaction, produces at the posi- 
tive electrode an oxide of chlorine wliich remains in solution in the 
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[uid. forming, it is sukl, liypoclitoric atrid, wliicli is a pnwcrfiil 
iching ugL'tit : hydrogen is liWriitwl tit tlie ni-gative pole. Tliis 
1 ia then used to bleach the matprials. wlijfh reaction simply 
es this hypochloric acid ; there ia, thorefore. no t-unsumption 
[ thfl chemirals and the same liquid may bo used over again re- 
(atudly. Tile prtwess i& a continuous one ; the 5 per ceut solution 
' chloride of magnesium is paused througli the electrolytic bath 
ntinuously : from there it passes through the bleaching bath, from 
lich it is then pumped back into the eleiitrolytic bath. The only 
I is tha liquid which is retained raechanif^ally by the bleached 
Eaterial, and which ia said to amount to from tl to 10 per cent in 
twenty-four hours. Tlie eleetrolytic ba'h consists of a galvanized 
iron tank having a jierforated supply pipe at the bottom and an ovi-i- 
I pipe for the electrolyzed liquid at the top. In this tank tbero 
» H large iinmlier of parallel plates, alternately positive and iiega- 
The former are made of thin sheets of platinum in frames of 
rtl rubber to stiifen them ; the negatives are rouud disks of zinc, 
Jiich are kept revolving slowly and have scrapers attached to dean 
■y deposits which may form on them ; these zinc plates, being the 
igative poles where the hydrogen is liberated, ai-o of course not dis- 
Rvefl. The current used for each bath is from 1.000 to 1,300 am- 
ires, and the potential from 'J to ? volts, requiring, therefore, about 
I to 1:3 horse power. The makers guarantee to bleach as much per 
renty-fonr hours with one apparatus as can be done with IdO kilo- 
Jams (220 jHJUnds) of chloride of calcium. In a published estimate 
■ the relative costs of the old and new method, it is state<l that to 
I the same bleaching as with 1.000 kilograms (2,20<) ))oun<ls) of 
Uoride of calcium at 230 francs (§44,50) requires power and in- 
"%-es a loss of liquid corresponding together to 102 francs (about 
♦80). making the total cost of the latter less than one-half ; this does 
not, however, include interest and amortization. It is used for a 
number of purposes, chiefly, it appears, for paper bleaching ; it is 
stated to be capable of bleaching materials which can not he bleached 
by the ordinary process, as jute, for instance. It is already in use in 
a numlier of establishments among which are several in Boston. 
Very good and well illustrated articles on this process may be found 
in La Lumifere Electrique, Vol. sviu. 18i*5. Nos. 48 and 58 : also Vol, 
XXXI, 1889, No. 4; also Revue Internationale de I'Electricite, 188n, 
frf. viu, No. 88, p. 144. 

TRR*TaesT <iv LiyroRp. 

J the exhibit of A. de Meritens & Co. (French section) there was 
liDWn an apparatus for treating water, wines, beers, and other liq- 

9 with an alternating current, for the purpose of j>urifying them 
it destroying all living organic matter contained therein. It con- 
i of a row of vertical tubes connected at their tops and hottuma . 
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in such a way that the liquid enters at the first and flows through 
each in succession. In these tubes are numerous perforated plates 
an inch or two apart, which are alternately connected as positive and 
negative electrodes. These are attached to an alternating-current 
machine. The alternating current, therefore, traverses the liquid 
repeatedly while the liquid is flowing through these tubes. It is 
claimed that this treatment will destroy all living organic matter 
and that the liquid thus treated will not spoil. Two dishes were 
shown in which some liquor before and after treatment had been 
allowed to evaporate to dryness. In the former there was quite a 
large quantity of mold, and in the latter merely a stable sediment 
of a fine powder. 

ELECTRO-METALLURGY. 

In electro- metallurgy there were the following exhibits : L^trange 
& Co. (French section) for obtaining zinc ; Bernard Frferes (French 
section) for aluminium by the Minet process ; Soci^t^ Anonyme 
pour rindustrie a T Aluminium (Swiss section); Cowles process for 
aluminium (United States section): Placet (French section) for 
refining iron by electro deposition from its solution. The latter 
operation, the inventor claims, can be done for 1.3 cents per pound ; 
he suggests using such iron for the manufacture of steel by fusion 
with cast-iron, and for other purposes in which pure iron is required. 
As all these metallurgical processes belong more properly to the 
department of metallurgy rather than to electricity, the reader is 
referred to the report on that section. 

PRIMARY BATTERIES. 
GENERAL. 

Among the very many exhibits in this class were a number of 
improvements and modifications which were of interest and showed 
so:ne, though not very great progress. The field being already so 
thoroughly studied, leaves little room for any very great progress ; 
that shown was mainly in details of construction and in slight, 
though not unimportant, improvements in the elements of the cells. 

The exhibits of powerful batteries showed that electric lighting 
from primary batteries is not only possible but also practicable ; 
but oven at its best it must still be considered a luxury on account 
of the expense, though if all of the facts and figures given by one of 
the exhibitors are correct, it has been reduced to the very low cost 
of one-tenth of a cent per candle per hour, for labor and for mate- 
rial consumed ; or two-tenths of a cent per caudle hour, including 
everything. Although this is still between three and four times the 
cost of gas, yet it makes electric lighting by such means practicable 
for domestic purposes. 
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k The very tlioron^Ii n-seanlius of Rt'iinnl fire of some interest, " 

Kulting In hU obt'iiiiiing wliut is iituloubteilly tti» lighceBt battery 

Most of the improvumLiiils in biitterii^ warn in tho details of 

istruction; the only one differing essentially from the old wi'll- 

^own types is the Lalanilo ami Chaperon. In the I/eolantihf? ty|ie 

» tendency appiiara to lie to diminish their reaistunLit-, to cheajwn 

B con»tni(!tion, and to diminish thu attendanoe reiinin^l by them ; 

I the latter direction the so-called dry cells are amoii^ tho chief 

BprovementH, The Daniell (;o]l was (;oiispi(!uoiis by the abseiife of 

my imprDVeraenta; with tiui execptioti of Calhiud's well-known 

taprovemeiit of employing gi-avity k> separati^ the solutions, it 

bpears to have ori;iin/vt-eil as an almost perfect cell. 

■Processes for purifying zinc, and for the utilization of the residues 

J batteries are also being developed. One of the interesting uovel- 

swas a batteiy in whiph the electricity is a hy-pi-oduct, the object 

gbt for being the residue, namely, sulphate of copper. 

BConspicuons by their absence were the inventors so often met, 

a claim to obtaiu more energy from their batteries than is pos- 

[l»le under theoretically perfect conditions. This alone is a proof 



f Exhibitt bij enatdries. — The eshibita of primary batteries were 
most exclusively in the French section, the only exception of note 
9ing by one English exhibitor. 

Clnssijuuition. — Owing to the diversity of applications of the dif- 
ferent cells no class ili cation will hn attempte<l here, other than that 
jfliose usually intended for great power will be described first and 
fihose for small currents last. Such a clasailication is, necessarily, 
ily a very general one. Those of the first group are almost exclus- 
rely improvements and modifications of the bichromate of potash 
eof cell, ami the latter of the Leclanch^ type, 

Br'caWiMATE OF POTASH CBLLS AND THBIR MODIFICATIONS. 

The (Jendron cell (French section, bronze medal) is a zinc-carlxm 
couple, with porous cup. The construction presents some points of 
interest, the object being to obtain great surface of eleclrodes. small 
distance between the plates, small ([uantities of liquid, renewed con- 
tinually and automatically and kept in continual circulation. The 
battery is intended to he used for lighting and for small powers. 
J)etaih. — The jar is a low, rrt-tungular box made of sheet iron, 
■ered on tho inside ami outside with hard rubber, which renders 
perfectly acid proof, while the box is light and strong. The por- 
jar is a narrow vessel with parallel sides, bent around parallel 
to itself repeatedly, somewhat like a broad, short letter Si the long 
parts of which (seven in number) are straight and parallel, forming 
itically several narrow imrous cells communicating with one 
:>ther .so as to act as one, there being narrow parallel spacee 
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between each two for a carbon platp, T!ie porous cup has a hole at 
the bottom over a coireapoiidiag one in the jar, with a cock nf 
special construction to drain off the liquid. 

Zincplaie. — Each of the seven zinc plates is made of a number 
of rectangular pieces of thinsheet zinc, well amalgamated and after- 
ward secured together so as to form ( trie tliick plate amHlganiat«d 
practically throughout its whole mass. The object of this is to se- 
cure good amalgamation and to be ableto use the cheap, impure zinc 
of commerce. These zinc plates are held in (heir porous cupB. at and 
by their edges, by a three-sided grooved frame, the open side being 
at the top. The ztncs are thereby lield like a slate in its frame an<l 
may readily be replaced. This frame is made of copper, well amal- 
gamated, and the contact betwt-i'ii it and the plate is made by meant' 
of the mercury. This simple mode of supporting the zinc jdatoa has 
many evident advantages ; besides being readily replat-eable, the 
zincs are completely immersed and consumed, and the contact is al- 
ways good and clean. The liquid is dilute Bulphuric acid. 

Carbon plale. — Tlie carbon plates are placed between the parallel 
portions of the porous cup as well as on the inside of the four sides 
of the jar, being mitered to bold them in place. The liquid is bi- 
chromate of Boda. 

Drain pipe. — There is a drain pipe connected with each cell, the 
object of which is to draw off automatically tiie old liquid at pre* 
cisely the same rate at which the new liquid is being added, so as to 
keep the cell from overflowing or being drained. The liquid which 
has become passive is heaver than the fresh, active liquid and sinks 
to the bottom ; the drain pijw must therefore lead it off at the bot- 
tom, while at the same time it must not allow thelevfl of the liquid 
to change. To fulfill this condition it is maile of two vertical fon* 
centric tubes, having au annular space between them ; the inside one 
is open at the top at the normal height of the liquid and lends out 
through the bottom of the cell, and the outside one is open at the 
Ixittom and is higher than the normal level. The overflow, there- 
fore, takes place from the bottom of the cell. There is one of these 
drains inside the jiorous cells and one outside. The supply of fresh 
liquid takes place in one corner of the cell and the drain is in tbe 
diagonally opposite corner, thus requiring the liquid to circulate 
continually through the winding jmrallel canals between the platwf 
and the porous cup. 

The liquids are supplied by lead tubes from two tanks above the 
battery. These tanks are filled by means of a very simple and in- 
genious, though not new, acid pump, consisting of a strong flexible 
rubijer tube laid in the form of a aemicirclu and supported by a 
suitable guide ; a wheel of slightly less diameter has rollers on its 
nfereuee, each of which in rolling uvor this tube compresses it 
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llieri'by pushes thf iiiniiil rorwiinl. fiiiiilai-ly Ui tlic inwluiiiii'iil 
aon of the intestines of the liumaii Wly. 

Use ami capacity. — A cell IS inches square and '3 inches high, the 
iivn surface of the seven zinc plates being about 5J Hquare feet, 
nh<mt 2 vuJls on open ciccuit nn<I IIHJ amp&reson short cirruit, 
iwin^aii apparent inti?nial i-esistani-o (includinjj polarization) of 

ihms. Tlie normal rate of ilischarge is 30 to 40 amperes, 
'he Automatic Electrical Corporation. limittwl (English suction, 
inae nietlal), exhibited a complete coinbination primary and sec- 
Inry battery for house lighting. 
•tails.— A comparatively small and compact primary battery is 
automatically and continually charging accumulators, from which 
the lights are supplieil when required. The olomenls ore amalga- 
Jliated zinc in dilute sulphuric acid in a porous cup, and carbon in 
solution of bichromate of soda. The fresh liquids are supplied by 
and the spent liquids are led off through holes in the bottom 
>f the cells, cloae<i by valves of special constmction. Th" drrtimige 
I lid relitling are operated electrically, every twelve hours for the acid 
iilution and every three hunva for the bichromate solution. A clock 
-f:irt8 this operation. The jars are of hard rubber: the reservoirs 
ure of sheet iron, lined with lead. 

Out/lilt and cost. — ^The battery exhibited is said to light ten to 
twelve lamps of 10-candle power six hours jier day, allowing 'iS jjpr 
' itit loss in the accumulators, and to cost 8UI0. The zinca last about 
.1 week. The cost of running, per 1.000 watts (by which watt hours 
Li f- probably meant), taken from a rei>ort of a reliable authority, is 
ihoiit 50 cents, divideil as follows : Bichromate, 80 cents ; sulphuric 
nid. 4 cents; zinc, 12 cents; mercury, 1.3 cents; labor, 11.5 cents. 
At th© rate of 2 watts per candle this would correspond to .500 candle 
]ii>nrs, or 0,1 cent per candle per hour, which, for a 10-candle lamp, 
iruikes one cent per hour. A company in London nndertakes to in- 
stall and run the battery, supplying everything, including the wiring 
for tt'H lamps, charging at the rate of 1 penny (2 cents) per hour per 
Hi-i?andle lamp, which is certainly very cheap for incandescent lights 
fr<im primary batteries. They use as a sort of meter the quantity of 
liquid used. In their factory they utilize the residues, 

Reii'trd cell. — Another battery of some importanc«, owing to the 
great power developed from small, light cells, is that of Commander 
Renard (French section), shown iu the accompanying illustration 
(Fig, 30) and called the chlorochroiuic cell, or the tubular battery, 
■ 111 account of its appearance. It is at present used for small jrorta- 
ble table lamps, the battery being in the base of the lamp, and it 
wjis suggested to he used to propel the gryat military balloon "La 
f ranee," It is, no doubt, the lightest battery ever made, 

\l description. — Tlie ceil may be said to lielong to the bi- 
class. in which the bichromate ^^gg/gg^^ replaced by 
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free chromic acid, and the sulphuric acid partially or entirely by 
hydrochloric acid. The cell consists of a long, narrow, cylindrical 
retaining cell of glass or ebonite. The negative electrode is a con. 
centric tube, usually made of a very tbin sheet of platinized silver ; 
it may also be of carbon. The positive electrode is a long, thin rod 
of zinc, concentric with this silver tube and insulated therefrom. 
The general arrangement of a battery with twelve cells is shown in 
Fig. 30. 




n 
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Solution. — A very thorough scientific and practical research seems 
to have been made to find the best proportions for the battery solu- 
tion and to study its behavior. Of these results we give here only 
the most important conclusions. The tests are probably quite reli- 
able. By replacing tlie usual sulphuric acid, part for part, by hydro- 
chloric acid, it was fo\ind that the rate of liischarge for the same cell 
was increased in proportion as the hydrochloric replaced the sul- 
phuric, being increased fivefold when all the sulphuric acid was 
replaced, as compared with the usual bichromate solution with sul- 
phuric acid alone. The cajxicHy of all these new liquids, however, 
remains about the same ; that is, as tlie rate of discharge increases 
the time of the discharge dimiiiishus. 

The more liydrochloric acid there is. the more tendency there will 
be to disengage free chlorine gas. The liquid should, therefore, not 
have too much hydrochloric acid and should not be prepared too 
long in advance. The mixture most frequently used for lighting, in 
which the proportion of sulphuric to hydrochloric acid (see below) 



ELECTRICITY. 161 

is 80 to 20, is quite stable and can be mixed two or three months in 
advance. When no sulphuric acid is used the instability of the 
liquid is so great that it ought not to be used longer than two days 
after mixing. 

The following three liquids composing the mixture may be pre- 
pared in advance and kept in stock: 

Liquid A: Chromic acid, 530 grams; water, 770 cubic centimeters. 

Liquid BCl: Commercial hydrochloric acid of 18° Baum^ (or a 
specific gravity of 1.143). 

Liquid BS: Dilute sulphuric acid of 20° Baum^ (or a specific 
gravity of 1.25), consisting of 450 grams a€id of 66° Baumd and 800 
cubic centimeters water. 

The greater the proportion of the liquid BCl used, the more rapid 
will be the rate of discharges and the shorter the time of discharge. 
The capacity is the same for all, being 50 to 60 watt-hours per liter, 
the discharge being stopped when the difference of potential has 
fallen to 1,25 volts per cell. The following figures are deduced from 
a table given: 

Properties, — Proportions by volume of the liquids A, BCl, and BS, 
respectively, 100, 20, and 80; specific gravity, 1.27; maximum cur- 
rent, 3.5 ampferes; coulombs, stopping the discharge when the cur- 
rent has fallen to half its maximum value, 10,630; watt-hours, 3.54, 
and therefore the mean volts must have been 1.20, and the ampfere 
hours, 2.95; watt-hours per liter of liquid, 54.6; watt-hours per kilo- 
gram of liquid, 43.0; weight of liquid per horse-power hour (metric).. 
17.2 kilograms or 38.2 pounds. For the proportions 100, 100, and 
(/. e., without sulphuric acid), the figures are very nearly the same, 
except that the maximum current is 8.5ampferes, the mean voltage 
remaining exactly the same. 

Renard's improvement therefore exists in two things — namely, in. 
replacing the potash or soda salt by chromic acud, and sulphuric by 
hydrochloric acid. One or the other of these changes alone will not 
have much effect, but it is with the two combined that the discharg- 
ing rate is increased fivefold, and the total capacity incre{ise<i 50 per 
cent. 

Positive pole plaie. — The positive pole plate is made of a sheet of 
silver, covered with platinum. It is 0.1 millimeter or 0.004 inch 
thick, the platinum coating being only about 0.0025 millimeter or 
0.(KX)1 inch thick. The platinum is necessary for protection, as the 
silver is attacked slowly when the platinum does not cover it. It is 
bent into the form of a long, narrow' cylinder, the lap of which is left 
slightly open so as to allow the li(iuid on the outside to circulate and 
get into the interior to the zinc. The diameter of this tube should be 
about 0. 4 to 0. 6 that of the retaining cell. The cost of such an electrode 
1 inch in diameter and inches long is $1. Three little hard-rubber 
rings in the inside stiffen it and insulate it from the zinc rod, whicb 
H. Ex. 410— VOL IV 11 
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is paspwl through the hoks in thesi> rings. It nmy hf ividaifd by a 
carbon cylinder, but platinized silver is preferred, as its condiu'tivity 
is better and tlii; weight and vohime are less, the latter Iieiiig prac- 
tically nothing. It is very expensive, however, and should be re- 
placed by (-arbc.il if the nuiximuni out|mt is not essential and the 
liquids not too con cent rat eil. 

Xcfjativp pole pluie. — The zinc used is in the fomi of a thin zinc 
■wire. It i.s made small in order to diminish the local action (wliich 
is pn)]H)rtionat to the surface), and so that it may be consumed com- 
pletelj' by one charge of the liquid. The smaller the surface of the 
zinc the more nearly is the consumption proportional to the current, 
Te.-ts show that 1 literof the liquid dissolves So grams of zinc. This 
would, however, require a zinc wire too small to be practicable, es- 
pecially as the action is more rapid at the top than at the bottom, 
and wouhl result in cutting it off at tlie toii. It is therefore made 
slightly larger, in general o.Hi of the diameter of the cell, which is 
about one-fourth of an inch for the normal cell. It is not amalga- 
mated for several rea.sons. It was found that afteracertain point of 
concentration wa.s i-eaclied, the amalgamated ami un amalgam at e<l 
zincs are attacke<i equally by local action. Furthemiore, it in- 
creases the expense and makes such a thin rod as brittle as glass, 
Un amalgamated zinc also enables a leaden retaining tank to be 
used for table himjjs, which would be destroyed by a single drop 
of mercury from the zincs, 

Chamcterisi ic)i.—T\ie characteristic of a cell is the curve obtained 
from the values of the difference of potential and of the current, cor- 
resiionding to successive values of the external resistance varying 
from infinity (or ojK'n circuit) 
to zero (or short circuit). For 
a theoretically perfect cell, that 
is, without polarization, as, for 
instance, in a Daniell cell, this 
ought to be a straight line, aa 
in the accompanying diagram. 
Fig, 31 {excepting the curved 
part KA), in which l.C? would 
be the voltage on open circuit 
and 35,7 the amji^res of current on closed circuit. The consUinfs of 
such a cell would he the electro-motive force \S>1 and the internal 
resistance 0.047 ohms, which is evidently the quotient of 1,07 volts 
and 35.7 amperes. The characteristic shown is stated to have been 
obtained from one of these cells without sulphuric acid. The points 
K and L are those between which the cell is used in practice, for 
which, therefore, the constants are those given above. For other 
cells, however, this characteristic is always a ciirve. By drawing a 
straight line through that portion of such a curve which represents 
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the normal working conditions, and prolonging this line, the prac- 
tical constants niav be shown in the same wav. 

Output and capacity, — The following are some of the dimensions 
and capacities of these cells. Diameter of cell, If inches; tube of 
silver, about three-quarters of an inch; zinc, about one-quarter of an 
inch; height, not given, but probably 9 to 10 inches; difference of 
potential while working normally, 1.20 to 1.25 volts; internal resist- 
ance, 0.17 ohm; discharge stopped when the voltage has fallen to 
about 1.12. The solution was the one described above, 100, 20, 
and 80. Twenty-four cells connected in series were discharged con- 
tinuously through three lamps of 27 volts and 1.25 to 1.3 amperes 
each; the total quantity of liquid used was 0.3 liters; it ran 140 min- 
utes, having given 347 watt hours, making 55 watt hours per liter of 
liquid, or 18 liters per kilowatt hour. Constructed as light as prac- 
ticable, it will weigh 40 kilograms per kilowatt hour, everything 
included, or almost G6 pounds per useful horse-power hour. For 
practical batteries of this class, it is doubtful whether the weight 
can ever be brought materially below this figure. 

The following are the dimensions and figures regarding the battery 
which is intended to propel the great military balloon ''La France:" 
Cells, 4 centimeters diameter; silver tube, 3.2 millimeters; zinc, 6.4 
millimeters. Total weight of a battery of twelve cells connected, six 
in multiple arc, 10 kilograms. The useful power at the end of one- 
half hour's running was 220 watts, thus requiring about four of these 
batteries per kilowatt; or with a motor, about four batteries, weigh- 
ing 40 kilograms for a useful horse-power hour measured at the 
shaft. The weight that could be carried by the balloon was 400 
kilograms, therefore making 10 horse-power, or 7.5 kilowatts for 1 
hour and 36 minutes. While these results are very good and far 
superior to others obtained, the inventor himself admits that we can 
not hope that electrically driven balloons will ev^er be successful 
implements of war. 

Table lamps. — The following data are given by the maker of a 
table incandescent lamp furnished with a battery of these cells in its 
base. Weight, complete, 35 pounds; height, clear, 33 inches; lamp, 
25 candles; volts, 10 to 11; ampferes, 4; mean duration, 5 hours; 
maximum, 8 hours; price, $60; cost of recharge, 50 cents; cost per 
candle hour, 0.56 cent. The liquid is raised or lowered by air pres- 
sure produced by a small rubber bulb. 

References. — For a more complete description see the first volume 
of the Biblioth^que de la Revue de TAdronautique, a very complete 
abstract of which is published in I'^lectricien, of Paris, Nos. 363, 
364, March 29, 1890, from which the above illustrations were taken. 

M. Qustave Trouve (French section, gold medal) had an elaborate 
exhibit of primary batteries, chiefly for medical purposes and small 
lights and powers. They are almost all of the ordinary carbon, 
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zinc, and bichromate type, and leave little to be described. The 
small portable and pocket cells for medical and surgical purposes, 
and for small lights, are arranged in convenient form, as regards the 
plunging of the plates and prevention of spilling the acids. A small 
portable lamp battery has loose ribs around it like those of an um- 
brella, whicli ordinarily are not noticeable, but if the cells should 
start to fall over these ribs spread out and prevent it from falling. 

He exhibited, also, a small boat run by an ordinary plunge battery. 
Apparently the only novelty is that the motor and propeller are on 
the rudder and are geared together by a chain gearing. For some 
additional remarks regarding this boat, see under *^ Applications of 
Power, " p. 94. 

M. Trouv^ uses a more concentrated solution than usual ; his pro- 
portions (by weight) are : 1 part bichromate of potash, 8 parts 
water, and 3.6 parts sulphuric acid. The constants of the cells for 
the boat are: 1.9 volts, 0.07 to 0.08 ohm internal resistance; four 
cells will develop 14 kilogrammeters per second for two hours run- 
ning before it falls. 

ModificaUans, — Most of the batteries exhibited using bichromate 
of potash for a depolarizer, have the zinc in a porus cup in diluted sul- 
phuric acid. Among the principal modifications were the follow- 
ing: 

M. Crosse (French section, honorable mention) replaces the usual 
carbon plate by a sort of cage of thin sheet lead, perforated and 
filled with fragments of retort carbon. The lead acts merely as a 
receptacle and a conductor for the carbon. The lead cage is made 
of two concentric cylinders united at the top and bottom, the an- 
nular space between them being filled with the carbon fragments. 
A lead terminal leads off the current. He claims as the advantages, 
that it is not fragile like carbon plates ; it is cheaper ; it offers great 
surface of carbon, lowering the resistance, diminishing the polariza- 
tion, and thereby increasing the rate of discharge ; it overcomes the 
objc^ction to the unreliable l)rass terminal secured to the carbon 
plate. A 1-pint cell costing oO cents is said to have a capacity of 30 
ampere hours, at a rate of from 1 to o ampJ»res. A 1 -gallon cell 
costing $3 hfis a capacity of 250 to 300 ampfero hours at a rate of C to 
20 ami)eres. 

Overftoir tube, — The following simple and ingenious overflow tube 
was used in a number of different batteries of this class. The liquid 
in such cells, after it has performed its function, is heavier and sinks 
to th(» bottom. In adding new liquid to the old, the overflow of the 
old liquid should be from the bottom of tlu* (m»11. This is effected 
by means of a vertical ghuss tube outside of the cell, the upper end 
of which tube is bent around in a semicircle, forming a nozzle for 
the liquid to flow out of. Tin? lower end communicates with the in- 
side of the cell through a hole in the bottom. The top curved part 
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f the tube must bo just as liigli as tho uoriiial |pvel of the liquid. 
Vheii fresh liquul is (uUed the old will, therel'ore. nverflow auto- 
nntically from the Iwttoin, If this tube is coiiuected tfi the cell by 
k flexible nibbur tube, the L-ell can i-eadily be emptied by bending 
bwu the tube. 

Lagarde (French section, bronze mednl) exbibite*t a batt.ery for 
'ifliting iiuriJOii.?3 in which the carbons were revolved continiiatly 
y nil elw^tric motor to agitate the liquid. Tlie cells were iirranged 
B a circle ; the fresh liquid was supplied from a timk iii and over 
be middle, the supply cock Iieing opened electrically when tlie j>o- 
bnttal had fallen sufficiently. The zincs are perforated. The fid- 
pving data ai-e given by tlio maker; Price of liquid, 4 cents i»er 
quart vrill ruu ii S-caodle-power lamp for 1 hour. The 
rice of the zinc, 40 cents; the set of twelve zincs will run 340 am- 
fere hours ; a battery of twelve cells gives 15 to 18 volts and 8 to 10 
"mpJires. and costs SHOl). 

In the buttery of Mr. Pillet (French section), instead of raising 
and lowering the zinca the liquid is lowered and raised, respectively, 
by air pressure produced by a rubber bulb simultaneously on all the 
^lls. 

[ Id the medical battery of Chardin (French section) this same 
rinciple is uaeii to great advantage, makiug a clean, practically 
»Ied cell, very well adapted for physicians and surgeons. The 
raining cell is of porcelain, and consists of two parts. Tho upper 
le, containing the electrodes, is empty when uot in use ; tlie lower 
Hie is closed completely and contains the liquid. A tube communi- 
ktes from the lower part of the upper to the lower part of tho 
pwer cell. By pumping air into the lower one, which is readily 
tone by means of a rubber bulb, the liquid is forced up through 
liB tube into the upper cell ; by allowing this air to escape the 
Fpper cell is drained. 

fin tlie Bazin battery for lighting, the carbon plates are in the 
Q of circular disks mounted on a common shaft which is revolved 
J a small electric motor ; the revolving of the plates is claimed to 
pminiBli the polarization. In the curves of discharge exhibited, 
llQ difference of poteutial of 1 volt for currents of (i to 10 amperes 
I shown to be remarkably constant for forty to fifty hours oou- 
liuous distrharge. 

fin the battery of Kornfeld (Russian section) the cells are very 
Brrow, deep, rectangular boxes made of carbon plates cemented in 
feme way at the edges, aud heavily copper-plated on the outside, 
e box forms the positive pole : tlie zinc plate is lowered down into 
L' box when in use, and is very close to the carbon on all sides, thus 
taking tin- internal resistance very low. Liquid is siq>j»]ied con- 
,ally at the top. and is led out at the bottom in tho usual way. 
Bliu whole battery is very compa<.'t. 
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Ill the Cliameroy (French section) battery the cell itself is a tube 
of carbon, the zinc being a concentric rod secured at the top and 
bottom. The liquid enters continually at the top and is led out at 
the bottom. The zinc rod is cast in the form of a screw ^vith a very 
coarse, deep thread, whereby the liquid is made to circulate in pass- 
ing down. 

In the cell of Radiguet (Frencli section, silver medal) the object 
is not only to lift the zinc out of its solution in the porous cup, 
when not in use, but also to empty this j)orous cup at the same time, 
to prevent diffusion of the liquids. To do this, there are two cups 
at right angles to each other, joined at their open end like the letter 
L inverted, and turning on a horizontal axis through tliis point, over 
one edge of the jar. One is porous and swings in and out of tlie 
jar, and the other is glazed and is outside. The zinc is placed in tlie 
porous one. To immerse the zinc its porous cup is turned vertically 
so as to be in the jar, and the licpiid from the glazed cup. flows into 
it. To withdraw the zinc, the two cups are rotated through a right 
angle, which empties one into the other. 

In another cell of the same exhibitor, instead of using a zinc plate 
for the negative pole, he uses a copper tray or basket well amalga- 
mated, filled with scraps of zinc and some mercury. The coi)per 
tray acts merely as a conductor, and is not attacketl, if well amalga- 
mated. The object is to use up scrap zinc. 

In the Delaurier cell exhibited by Guc^rot (French section, honor- 
able mention), designed chiefly for electro-plating, and consisting of 
zinc, carbon, and porous cup, the liquid used with the carbon is 
made of 87 parts ferro-chromic salt, 198 parts warm water, and 155 
parts sulphuric acid. The liquid for the zinc is water, with a little 
of this a4ded. The zinc need not be amalgamated. The chief 
advantage is cheapness. 

KesidiK'S. — Among other exhibits properly belonging here was an 
interesting one of Mr. George Fournier (French section, bronze 
medal), which may prove of importance in cheaj)ening bichromate 
batteries by finding a market for the residu<»s of these cells. The 
exhibit comprised the various commercial products obtained from 
tliese residues. 

His process of sej)a rating the residue into commercial prodiu?ts is 
briefly as follows: The residue coming from the ])atteries is a mix- 
ture of sulphate of chromium, sulphati* of zinc, sulphate of ])otas- 
sium or sodium, suli)luiric acid, chromic acid, and water. 

Tlu^ first process is to neutraliz(j the free ticid by means of scraps 
of metallic zinc. This is finished when the solution has become green 
instead of brown. During this process chrome alum crystallizes out, 
forming one of the commercial i)roducts, being used chiefly as a 
mordant. The oxide of chromium is then separated by precijnta- 
tion at 212° F., by adding fragments of zinc or by oxide of zinc at 
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Irdiliary t,vini".Tiil.uces. This is linislied when tliH wOuliou has Itc- 

uquito clear. This oxiileof cliromiiim is tho mvond commercifil 

«lact. The remfthxiug sohition is treated with (iliiiljc, which pro- 

|ritatea zinc oxiile, togetlipr with nulphfttp of t-ali-iuni. This is 

ishud when the !i<tuid does not hetsomo turhid when amiunnidi is 

^ded. The remaining liqnid (.■■ontivius only sulphale nf jiotiissiiim 

r sudiuin, or imth, 'Ifpfmling upon whuthcr the hicUromivte of po- 

sium Of sodinin wiis used in the hHtt*!r)'. If only one of these 

H uswl this liquid, I'vjiponited to dryness, forms the third cominer- 

l product. To the mixture of oxide of zinc and sulphate of cal- 

pnm some sulphaty of zinc is added until the solution ik slightly acid, 

B order to bo euro that no chalk remains ; bichromate of potash is 

bea added, foi'Uiing a bright yellow precipitate of chromate of zinc, 

ich la iiu excellent pigment and may be used for coloring pappr, 

tpaints, etc., having )i ^eat covering power, owing to the snl- 

} of caleiuni mlxeil with it. From the chromium oxides ure 

I made different colors, mordants, chromii! acid, metallic chro- 

Elitmi, and it may lie uweil in the iron and steel iiidnstrios. 

(ITUEB CELLS FOB I.ARGB OUTPUT, 

I iatonrf* (fr Chapf-voii. — One of the moat interssting of the batt«ry 

llhits wfis the ialandi! & Chaperon cell, exhibited by De Bran- 

Ule & Co. (French section, gold modal, for 

tdleotive exhibit). It has gradunlly come 

bto extended use, its numerous iwl vantages 

pving it a very important place among bat- 

iries. It is a single Huid cell, with a solid 

bpolarizing substance. It can be used for 

>en circuits, for closeii circiits, and for 

■Ong currents. The tdeetrotles are amal- 

mted zinc and blat'k oxiiie of copper; 

pe Uqoid is caustic potash of :I0 to 40 parts 

( the UK). The action is to dissolve the 

inc and to reduce the copper oxide to me- 

lllio (;opper. 

I'Contitriic/ion, — One of the principal forms. 

Uwlttif .spiral form, is shown intheacoom- PiG.M.~i«UiiiiB«oii»[wf.m-B 

myiag illustration. Fig. 3-i. in which X) is ™" 

be zinc spiral, and A is a thin sheet-iron box containing the ci>pper 

ide B and a copper-wire conductor, C!, insulated where it pass>_'s 

p the zinc. The cell is 7^ inches high and 4i iiiche-s in diameter, 

lOther form, called the hennetic type, consists of a cast-iron 

htXin, fonning thu retaining cell and at the same time one pole, 

MTing tho oxide of copper on the txittom. The zinc, suspended by 

i omalgamaUHl brass rod, is held by the rubber stopper, which at 

9 same time seals the cell. In the large hermetic tyiHj the zinc in 
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in the form of a large flat spiral, presenting great surface, and the 
cast-iron bottle is closed by means of three bolts and a rubber gasket. 
In the trough form, for heavy currents, the iron cell is in the form 
of a very shallow, flat, rectangular box. The layer of oxide of cop- 
per on the bottom is covered with a sheet of parchment paper, and 
the zinc is a flat sheet, with a brass lug attached to it. The liquid 
is covered with a layer of some thick oil. When a number of these 
cells are to be used in series, as for incandescent lights, they may con- 
veniently be placed one over the other. The size and style of cell 
depend on the purpose for which it is to be used. The large trough 
form, about IG by 8 by 4 inches, is designed chiefly for lighting, small 
powers, electrolysis, etc. 

Constants, — The following constants of these cells may doubtless 
be relied upon as correct. The electromotive force on open circuit 
is from 0.8 to 0.9 volt. The following table gives some of the 
constants for continuous discharge, through an external resistance 
equal to the internal — that is, for maximum work — in which ca^e, 
therefore, the difference of potential or useful electromotive force is 
slightly less than half of that on oj^en circuit. 



lutemal 
resistance. 



Ampdres. 



Spiralforin 1 0.15 ! 1.5to2 



Capacity 

in amii^re 

hours. 



70 



Hermetic fomi: 

SmaU 0.15 .. 0.5to0.7 I 15 

Medium ! 0.10 j 1.5to2 70 

Large ' 0.085 j G toS 540 

Trough form: 

SmaU 0.10 .3 to 4 235 

Large 0.35 6 to 8 540 



See also the constants in tlie expert's reports given below. 

Properties and uses. — There being no great polarization, the cells 
can be used on closed circuits without any stirring or circulation of 
the liquid; the difference of potential on closed circuit is said to fall 
slightly at first and then to remain nearly constant until the mate- 
rials are almost consumed. The quantity of zinc consumed is very 
nearly that recjuired by theory, showing that there is almost no local 
action and that it is therefore not necessary to raise the zinc out of 
the licjuid when not in use. It is. tlierefore, well a<lapte<l for liglit- 
ing on a small sc^ale, for telegraphy, electrolysis, etc. The forma- 
tion of the solution of zinc does not appt»ar to lower its resistance, 
while the reduction of the oxide of copper to metallic copper dimin- 
islies the internal resistance. In using them for lighting or other 
purposes requiring much energy, they are used at oi* near the point 
of maximum output, which is when the external and internal resist- 
ances are about equal. But under these conditions the useful pot^ii- 
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U nlsfjre(iiife<l to ithmitahalf — that is, to 0. + toO.fi volt per cpII. 
lUit, (wr IncaiKk'scoiit Iig]itin(r j) in- necessary to have fthoiit twit^e 
may cells as tiie pressure m volts at the iampa. 
battery of the large trough cells is said to run two lamps in 
.vation. iiresumahly 12 to 15 volt lamps. A precaution is uet't-s- 
yin ruuiiiug lamps; as the initial electromotive force is about 
iWe thi3 normal, it is necessary to switch a resistance in series 
;h the lamps at the moment oF »tartlug. in onler to save the Isinpt^ 
>m tlie strain of the high initial ok-utromotive force at starting, 
'liarging accumulators, i cells must be used for one accumula- 
Por medical purjKisea it may be used for a surgical lamp or 
tory. On account of its great current capacity it is especially 
I adapted for sijiual work or similar purposes, in which strong 
leutaiy currents are reiiuired. 

there is no local action consuming the ziuc when not in nee it 

rywell adapted for open circuit work, especially when the in- 

Itteut current required is comparatively great. It is largely 

for micru])honeR and for calls and has been adopted liy the 

it't^ Gt?U''nili> dcs 'M^phones at their ct-ntral stations. Notwith- 

'rtnnding the luw electromotive force, rniv cell isi^aid to he lUileto i-e- 

[■luce a Leelanchi'. pmbaWy owing to its low re-sistauce and the fact 

;!)nt it does not i>olarize. The latter property (vdapts it very well 

■iir telephonic transmission of operatic, theatrical, and musical i;n- 

i rtainments, requiring long uuinterrupteil service. In such service 

iii>>of these cells is replacing five Leclanch^s. 

The cell gives off no odors, forms no creeping salts as in the Le- 

loW, requires no adding of water nr other attention. The solu- 

of zinc formed is very soluble and ni> crystals attach themselves 

the zinc, which therefore requires no cleaning or scraping- The 

intiou and cleaning required liy the ordinary Daniel! cells used in 

large telegraph central stations are by no means a small matter. 

the main telegraph ollice in London, for instance, tln'rcare 27,000 

ill cells, rec^uiring throe miles of shelving. 

wnerafion. — After the oxide of copper has been reduced by the 

ion of the cell it can be retidere<I active again by exitosing it to 

I lieair for several weeksor by roasting it at a red heat on nu iron plate. 

I he cell can also be regenerated by pissing a current through it in 

lilt* opposite direction, 

'apiu:itif. — For the same weight the cell is said to have five times 

cajmcity in amp&re hours, as compared with accumiUatora. But 

a comi>ariBtm is misleading, as current can n'lt ho used without 

jjotenttal; as the useful difference of (lotentia) is between one-half 

iiid one-quarter of that of an accumulator, a true practical compari- 

r-'ii should include l«»th, iu other words, should be a comparison of 

l*rgy and not of am[j??re hours. For the same weight the iiMuful 

itgy may jierhaps be one and one-half or even two ttmew 
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Precautions and object ions. — The principal precautions to be taken 
are that the liquid does not come into free contact with the air, as 
that changes it into carbonate; and care must be taken not to ^et 
the liquid on the hands or clothes. The former is overcome by lier- 
metically sealing thejcells, or covering the liquid with a layer of oil. 
The latter objection is overcome by sui)plying the salt in an iron box 
from which it is poured directly into the cell, and water poured over 
it, so that no handling of tlie liquid is required. Another objection 
was that the zinc was rapidly eaten off just at the surface of tlie 
liquid. This has been overcome by fastening the zinc to an amal- 
gamated brass rod or strij), so that the zinc is wholly immersed. 
There appears to be no local action if the brass is well amalgamated. 

The prices are from $1 for the small one to $4 for the large trough 
cell. A recharge of zinc, oxide of copper, and potash costs a})out 80 
cents for a small trough and about $1 for a large one. 

These cells >have been adopted by the Soci^tc^ G(?n^ral des Tele- 
phones, by the Administration des Postes et des Te^l^graphes, and 
are used among others in the London Post and Telegrai)h depart- 
ment. 

Tests. — The following extracts are taken from various reports : 
M. E. Hospitalier discharged the small form illustrated above, Fig. 
3*^, through 0.8 ohm, obtaining about half an amp^re for 6 days' con- 
tinuous running, or 250,000 coulombs (about 70 ampere hours). 
The theoretical capacity of the 88 grains of zinc consumed is 200.oOo 
coulombs, showing an almost entire absence of local action. Fur 
full report see I'Electricien, August 1, 188^5. Dr. d' Arson val ob- 
tained 25 ampferes from this one, and 10(> from the large one. on 
short circuit. He found that by increasing the temi)erature from 
20° C. (07^ F.) to 50° C. (122° F.) the current increased from 4 to 12 
amperes i*egularly with the temperature, and as the electromotive 
force remained the same this increase of current was due to diminu- 
tion of the internal resistance. He also finds that there is no local 
action. See La Lumi^re Electrique, August 2o, l^<8.*3. In the Elec- 
trician (London) January 25, 1884, Sir William Thomson gives some 
results which he obtained. In La Nature, December 1, 1883, Hos- 
I)italier gives some r(\^ults obtained with a small light. 

CELLS OF THE LECLANCHE TYPE. 

• 

The chief exhibit of cells of this class was that of Leclanclu^ & Co. 
(French section, gold medal), the original makers of the famous Le- 
c lane he cells. 

Original cells. — These cells were usmiUy made of a porous cup con- 
taining a plate of cai*bon and filled with broken fragments of carlx>n 
and native peroxide of manganese (tlie mineral ])yr()lusite of com- 
merce); the negative pole is a zinc rod, and the liquid is chloride of 
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[uonin, thf* wtil amiiinniju- nf r(iiiimen;i>. The zirn; is Hmulgtiiini- 

fadi/ifittiaii, — Tlio iiii]iruvfnitiut iiKwli- »oi\us tiunmai', iinw nlrwKly 
I known, ami fast i-epla^iiig tho puroiis cup psittern. was to nmko 
, congloniprate blocks of the pproxide of inaiiKaneae with tlio 
iKm. whicU Ijlocks am lieM to the cjirbon platp by rubber baiuls: 
ft replacod the [Kiroiis nip ami iti loose contents. 'I'lio rtfistance 
9 jtolarizal ion axo thereby diminiHhixl, luiil I'oiiscqiii^utly Uw iist^- 
Timet) (if pott-ntiiil and riirrtnit iiK:n;a»f*l. TIiL-sticonglnm- 
nmii»st;s itvi) nrnile of broken pieces uf n.'lort i^arbnri, puroxidu of 
iganeS(% mill sliullac, lui'tL-r hydraiiliL" prpssuiv, 

( improcfitieiitn. — Tho moru rect'iit iniprovemonts exhtbiUtd 

B the following: The confflomerate mass is nuide in thu fomi of 

cylinder havint; a metallic ti^rminoJ fastened to the top. as 

1 iutheaofloiupanyingilliistration, Fijf. ;i3. The zino rod, liaviny 

btm»d wire terniiiiHl at tlio 

1^ and a small rubbor caj) at 

\ botViin is placed inside 

b cylinder and in hold uon- 

Etrically bv the lid, as 

This' in.-reasps tlie 

polarizing power of the per- 

I of manfjanese. it iK'in^ 

ro ratinnal disponitioii of 

t material ; the n^sistnniie 

Iimini)<liifd still niore, nnd 

Idwtrihution of tht>curnint 

uplioii of the zinc is 

f Bj-niiiintrical: the volume and weight are alsc 

UL-tion anil the uureliable rubber bands are dispensed willi. 

SOouatnirtinn enables the price to l>erliniinishe<l 25 percent. Th« 

of this cell are: Eiecti-omotivrt force 1.5 voltji, internal 

ailcn (a few days afl«r beiu^ set uj») n,4 ohm; weight of jiosirivu 

I [K»und!-: prico of cell complete 7.'i cents. 

I' unit. — Another one of their novelties is a new »(dl, U) be iiseil 

e of the >tal aminoniac. Tho latter has the very ohjwtionnblo 

feature that crystals depusit on the zinc which thereby liecomf^w iiu"'!- 

1 IsUkI ami is rcmlered inuctive. and which causes the zinc rod to tx- 

BHenthruugh or "citt oH"' at the top of the liquid Ion;; before it in 

^^^batned 1>elow. The ]U)sitive jHilealsu liecomes chugged with thivse 

^^Hfbkls. The new salt, which i» said to be a mixtun^ of. ?5 jH^r ci-nt 

^oi ammonium chloride and ^5 [»er cent of chloride of ziuc obvialtw 

h" fiirmation of t\wst> iwlhtsive crystals and thereby keeps tlie zinc 

, ...rfectJy dean, enabling it la he consumed evenly and comph-lely. 

s for 2fi cents a [tonnd. 

—Another tif their improvementfi f 
t futuro Im their so-caUerl " dry cell," a p 
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till* action of a!l .such cells <le])eiH]s mi their property of keeping 
moiai; n better name wowM be liumiil or moist cells. It consists of 
a cylindrical vessel of zinc wliicli forms the retaining cell ami the 
negative ixile; in this is ji (^ on glomerate cylinder similar to the one 
describe*! above. Between the two is u mass of plaster of Paris, 
moistened with a solution of their new salt; the top is closed with 
wax. It is sold ready for use. It has tlio great advantage of refjuir- 
iugno setting up or cleaning, and is particularly appHcablo in cases 
where the cells aie jolted about, iis on trains, boats, etc. Its capacity 
appearsto bo iibiiost tlie same iis that of tlio usual cells (see Fig. -U). 
It sells for sr cents. 

The diagram. Fig. 34, gives aseries of discharges of different cells, 
showing some of their qualities. The discharges were continuous, 
tlirough an external resistance of 10 ohms. 




After thirty days" continuous discharge the dry cell still gave .50 
milliamperos; the discharge of the ordinary poi-ous cup fell to this 
current iii about fifteen days. The rephw^iable conglomerate blocks 
are of such a size that they are consumed in the same time that one 
zinc will last. 

^^nor hiiiirnrfiiieiiin. — Some of the minor improvements are as 
follows: In the jmhijus cup cells the jK)rous cups have slits cut in 
tln'm to iiicpMse their jMirosity. A ''cavalry battery" to be u.«ed on 
horseback in military .-service is made of small carbon plates having 
a zinc i>latc i'i-m>'nted to it on <me side with a jisi-'ite of boile*! oil and 
plumbagn. making an electrical ami mechanical contiict; thesi' aiv 
pili.'d one over lh>' other with sheets of blotting ]>a]ier between them; 
the whole is strapped together without any retaining^-ell. To n>n- 
der it active the whole is di])j)ed into the solution limg euougli to 
merely wet the blottera. All tfie cells are evidently connected in 
series by this construct ion. 

Iii.tlnicflnns. — The instructions regarding their cells are: that the 
zinc shouM be amnlgannited and the solutiim completely saturated; 
that the new Molution should be a<lded when the old becomes milky; 
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that the addition of chloride of zinc solution is advantageous, and 
that tinned wire is preferable for connecting the cells. 

Other exhibits of Leclanche cells, — Among the minor improve- 
ments of the Leclanchd type of cells, as exhibited by different exhib- 
itors, are the following: Henri Serrin (French section, honorable 
mention), exhibited retaining cells made of a single block of wood, 
lined on the inside with a waterproof coating. Two or more holes 
may be made in the same block, making a battery of cells complete 
in itself. He claims cheapness, strength, and lightness ; being sealed 
there can be no creeping of the salts, and the cells are as convenient 
as the ** dry cells." He claims that the blocks cost only 0.8 cent 
each to make. A complete battery of two cells in one block sells for 
39 cents. He furthermore makes his contact on the carbon with a 
tinned zinc strip, so as to avoid the oxidation of the usual brass ter- 
minal. 

J. Warnon (French section, bronze medal) exhibited a new form 
of terminal to the carbon plate. He claims that in the usual con- 
struction, local electrolytic action forms a salt between the metal 
terminal and the carbon, destroying the contact. In his terminal 
the brass binding post is tipped on its inside end with platinum, 
which presses against the carbon by forming the end of a screw 
which passes through the cast lead cap of the carbon. He replaces 
the i>orous cup by a coarse linen canvas bag soaked in turpentine and 
resin, inclosing the active material and tied around the carbon. He 
claims for this, cheapness and rapidity of discharge. For instance, 
a half-gallon cell with four carbons and selling for $1.16 gave 40 
ampferes on short circuit. He claims that he can regenerate the 
peroxide of manganese of old cells, so that it can be used over again. 
This is probably done by charging the cells in reverse direction. 
He also exhibits some small portable medical cells, 1 by 1 by 2^ 
inches, selling for only 19.3 cents each. 

The Western Electric Company (United States section) exhibited 
Leclanche cells with the porous cups replaced by cotton bags ; also 
porous cups with slots, and canvas around them; also porous cups 
with holes near the toj) to replace the usual glass tubes through the 
top ; also glazed cells with numerous holes and a canvas bag on the 
inside, to replace the porous cups. 

Ch. R. Goodwin (French section) makes a large cylinder of the 
conglomerate mass, having secured to it a zinc rod, forming together 
one piece. This he claims will give *2 to 'H amperes on short circuit. 

Messrs. Renault & Desvernay (French section. Iionorable men- 
tion) show a '' dry cell " in which the moist mass is a siliceous gelatine. 

OTHER CELLS FOR SMALL CURRENTS. 

Among other cells for small currents not of the Lc 
are the following: 
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Chas. Chardiii (French section, silver medal), one of the principal 
makers of electro-medical apparatus, exhibited some very conven- 
iently arranged medical cells, which he claims are almost half the 
weight for the same capacity, and which do not require the cleaning 
and attention of other cells, an important item for a physician. 
While the first cost is gi'eater, the cost of maintenance is more than 
correspondingly cheaper. The cells consist of a high, narrow, cyl- 
indrical, retaining cell, having a carbon and a zinc rod fastened on 
the cover, which is common to all the cells of a battery. The liquid 
is bisulphate of mercury, filling about one-third of the cell ; on this 
floats a large cork, which fits the retaining cell loosely. In the state 
of repose the electrodes are separated from the liquid by this float- 
ing cork, which also serves to almost seal the cell so as to prevent 
slopping. By depressing the electrodes this cork is forced down, 
and in doing so forces the lic^uid up to the electrodes, thus putting 
the battery into action. As it is necessary to raise the electrodes 
out of the liquid when not in use, the box containing all these cells 
is so arranged that the lid can not be closed until the electrodes have 
been raised, which is done by a counterweight or spring. The top 
of the box contains all the ordinary accessory apparatus used for 
medical purposes. The electro motive force is 1.526 volts. 

The cell of Dr. Fontaine- Atgier, exhibited by Mors (French sec- 
tion), is also intended for medical purposes. The electrodes are 
zinc and copper, the latter having a mixture of peroxide of manga- 
nese and coke secured around it by means of a sack of thick, ordinary 
pasteboard. The licjuid is potassium hydrate (the soapmakers 
potash of commerce); the electromotive force is 1.49 volts. The ad- 
vantages claimed are, that it can be used on open circuit work, it is 
quite constant and the resistance is low. A battery of a large num- 
ber of cells is constructed without retaining cells, as follows : All 
the electrodes, as described above, are fastened in pairs connecte<l in 
series, on a common lid, the zincs being tied against the pasteboard. 
To j)ut it into action, the whole is dipped for a moment into a large 
tank containing the liquid, and is then withdrawn. Enough liquid 
is retained in the j)asteboard to actuate the battery. The wliole is 
arrange<l to be convenient for transportation. 

L. Maiche (French section) exhibited a battery in which the de- 
polarizati(m is effected bj^ the air. The negative electrode (Consists 
of scraps of zinc in a bath of mercury ; the positive is made of a re- 
ceptacle in the upper part of the jar, containing fragments of crushed 
coke which have been coated with a very thin layer of platinum 
black ; this coke rests half in and half out of the liquid, allowing the 
air to be absorbed by the platinum black. It is claimed that one of 
these cells has been in action more than ten yeans without any atten- 
tion. He also exhibited a salt to be used in place of sal ammoniac^ 
which he says will dissolve eight times the quantity of zinc as com- 
pared with sal ammoniac. 
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CHEMICALLY PURE ZINC. 

It is in place here to mention the exhibit of Louis Cahaigne (French 
section, bronze medal), who exhibited chemically pure zinc pro- 
duced by a new process, by means of which it can be made cheaply. 
It is well known that local action in the zinc used in batteries is 
caused by the impurities in the zinc ; if, therefore, the zinc is free 
from other metals it will not be attacked on open circuit, and will 
not need to be amalgamated, which is a source of trouble and entails 
no small expense. The process of this exhibitor enables him to 
make chemically pure zinc at a sufficiently low price to enable it to 
be employed in batteries. It can be made for 1 franc per kilo- 
gram, or 8.8 cents per pound, which is very low. Numerous re- 
ports from chemical experts were given, showing this metal to be 
really chemically pure. 

Another process of obtaining pure zinc was exhibited by M. L. 
Letrange. This is an electrolytic process, but it belongs to the de- 
partment of metallurgy and is, therefore, not included in this report. 

MISCELLANEOUS. 

• 

Messrs. Perreur-Lloyd et Fils exhibited a battery in which the 
residue of the action was sulphate of copper. But as the electricity 
generated was a mere by-product, the object being to manufacture 
sulphate of copper, the description is given under the heading, 
''Electrochemistry," p. 154. 

Mr. Thomas A. Edison exhibited a ** chalk" battery, but as the 
action is probably thermic, it is described under that heading. 

References, — For other generators of electricity, see respective 
headings. For battery carbons, see ''Carbons," under ''General 
Supplies." For substitution of dynamos for batteries on telegraph 
lines see ''Telegraphy." 

ACCUMULATORS. 
GENERAL. 

The lead accumulator as a practical commercial battery may be 
said to have originated about the time of the first electrical exhibi- 
tion in Paris, in 1881, the chief inventors. Plants and Faure, being 
both from France. Although probably more capital has been spent 
in developing it, than in any other electrical appliance, its progress 
has been very slow and the results, even at the present time, are not 
what was expected or desired. They are, however, in sufficiently 
good form now to find considerable application in practice, which is 
growing very fast. But they still leave many points to be desired. 
They are at best heavy and expensive, and deteriorate rapidly; many 
of them, of the grid type, require considerable care, without which 
they will suif er greatly. 
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Developmeui, — Tlie development, as shown at this exhibition, is 
chiefly in the direction of details of construction and modifications 
intended to keep the active material from falling oflf and out of i\\e 
supports. A number of developments have also been made in tlie 
Plants type, possibly because this form is not patented ; these have 
been mainly in the direction of first preparing the material in the 
form of finely divided lead so as to be more readily formed electric- 
ally. Severally forms differing in their chemical action have been 
proposed, but as yet they are not any better tlian the lead cells. 

Exhibits by couiifries. — The exhibits were principally in the 
French section, with a few from Switzerland, Belgium, Italy, and 
Austria. 

Definition of terms, — Before describing the exhibits in detail it 
will be well to define some of the terms used, as there is great ambi- 
guity respecting them, which unfortunately many manufacturers take 
advantage of to deceive purchasers and to make their goods appear 
much better than they really are. This lias been carried to such a 
degree that statements of manufacturers have very little value. 
In giving the capacity of an accumulator, for instance, manufacturers 
often give the amount with which they are charged, which can 
evidently be increased very greatly by simply continuing the charge. 
It is the amount which they will yield on a single continuous dis- 
charge which is the important factor for determining the real cai)ac- 
ity of a cell, and by which the number and size of the cells required 
for a plant must be calculated. This will here be termed the effective 
capacity and is the only one of importance. The true capacity should 
include the mean effective difference of potential; this is rarely higher 
than two volts, at a proper rate of discharge, and should never be 
less than 1.8 volts; a mean of 1.9 volts may therefore be taken as a 
constant, whidi, if anything, is too high. A discliarge should be 
continuous and should be considered as ended when the difference 
of potential has fallen to l.S vcjlts. The capacity per pound of plates 
is the effective capacity divided by the total weight of the plates 
complete; this weight should include all lugs and attachments to 
the plates which are a necessai-y part of them. The capacity of a 
cell dei)ends also on the rate of discharge, which should therefore 
be stated ; this, in order to compare different accumulators, is gen- 
erally reduced to the rate per pound of plaies. The usual rate is 
about half an ampere per pound of plates, but this is too slow a dis- 
charge for many causes, especially for traction purposes, in which the 
weight of the battery has to be carried by the locomotive mechanism. 
A good accumulator should stand a discharge of 1 ampere per pound 
without injury. A better way of stating the rate of discharge is to 
give the ratio of a discharging current to the capacity; for instance, 
if a lOO-anifM^re hour cell is discharged at '20 ami>?*res, the rate is 
•-iO-r 100 or one-fifth; but this is evidently the reciprocal of the time 
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of the discharfjf* in liours. This time is, tlierefore, an impcn-tant fac- 
tor; tho shortiM- it is. for the same (capacity, the better llie c(41, 
as tlie (capacity diminishes rapidly with tlio time. A simihir tigiire 
for tlio sliortest time in whicli they can be charged is also of imjior- 
tance. Tho effirieary <»f a (*ell should really be the ratio of the watt 
hours inst(>ad of tlui (iniperf hours; the latter is the one usually given 
because it must necessarily l)e considerably higher, but it is the 
frjrmer which expresses the real efficiency of the storage of the power. 
The mean voltage of the charge and the discliarge must be known 
tr) determine this, but it is seldom given ; it may ])e assumed, how- 
ever, that for any good accumulator tlie mean effective voltage of 
the discharge is 1.9 volts, and that of the charge is about 2.25, 
making an effUneiicij of the volts of about 85 per cent. If the effi- 
ciency in ampere hours, usually given, is multiplied by this efficiency 
in volts, the result will be the triie ffficiency of the energy stored, in 
watt hours. In all cases it should be stated whether a given effi- 
ciency is in ampJ^re hours or in watt hours. The terms positive and 
negative plates will be used as defined ])y the electrical congress of 
188(1, namely: The positive plate is the one forming the positive pole 
of the cell, and is connected to the positive pole of the charging cir- 
cuit; it is therefore the brown or peroxide plate. The negative is 
the other one. 

Jiinj testes. — A number of the accumulators exhibited were tested 
at the Lw'iboratoire Central d'Electricite for the jury. A few of the 
results obtained are given below in the detailed description. Al- 
though these results are (.'orreet, yet they were not all obtained under 
the most favorable conditions for the cells, and therefore should not 
be taken as the best results obtainaldi^ The charging, for instance, 
was in all cases (continued until the diffiM'ence of i)otential reached 
2.5 volts, which is too high, and coiisetjuently the efficiency is lower 
than it should be. On the other lian<l the capacity is for this reason 
greater than it w<juld be ordinarily. The results obtained are not 
very g<K)d and are considcTably lower than those given by the makers. 

Mean capacity. — In general, for a good accumulator one can not 
count on much more than live effective ami^u'e hours per pound of 
plates, which at 1.0 volts gives 'J. 5, or, say, 10 effective watt hours 
per pound of plates, which is equal to about 75 j)ounds of plates per 
effective horse-power hour, or 100 pounds j)er kilowatt hour. The 
projwrtion which the weight of the plates bears to the whoh? weight 
of the cell complete differs very widely in different systems, being 
in these tests betwee!i the limits 82 per cent for the Faure-Selhm- 
Volkmar and 44 per cent for the Dujardin. Assuming 75 per cent 
as a high average for a light cell, gives therefore about 100 pounds 
of ctdls complete per effective horse-power hour, or I'J.'J pounds per 
effective kilowatt hour. These figures regarding tlie weights of the 
accumulators ai*e of importance (jnly when the ccdls are to l)e trans- 
H. Ex. 410— VOL IV 12 
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ported, as for traction j )urpi. 'ses, car ligliting, etc. If tlioy are to bo 
perinancntly iustalletl in uiie place tlieir weiglit is of little conse- 
(iueiice. It is in all cases of interest, however, to the electrical engi- 
neer as it shows in a decree how elTectively the materials are utilized. 

Co.sL — A poor practice has ariseii in France (started, wo belie vi% 
by the makers t)E a heavy accumulator) of selling accumulators by 
the pound. This is very irrational, as tin/ better an ac?cumulator is 
the lower wouhl liav(.* to In; its selling price for the same oiitjmt in 
order to compete. Unless such a statement iscombine<lwith a guar- 
antee of a certain ca])acity per ])Ound it has no value, and, worse than 
that, it deceives the purchaser. The two statements might therefore 
just as well becoml)ined at once, makin;; a uniform system, which is 
rational — that is, to give tlu? jn'ice perelfective anii)ere hour. Such 
a system enables anv electrician to cahruhite readily the cost of tlie 
colls for a c«*rtain output, and does justice to tin? br4ter accumulator. 

Cotuparafirf stuff int tit, — In order to be aide to readily compaio 
some of the common features of a number of the accumulators ex- 
hibited, the following table is prepared, giving a fi?w practical iletluc- 
tions not usually contained in the [)ublishe<l descriptions, ami from 
which some fair, average, and useful figures may be taken. The 
results were all deduced directly, and only, from data published ))y 
the makers in their cii'(rulars. They are therefore quite fair for the 
makers, but not so for the purchasers, because some of the data as 
given have undoubtedly been exaggerated. 

The lirst column contains the caj)acities, which are probably too 
high: the second, the capacity per pound, therefore also too high, 
the weight also ])eing often underrated. It will be seen that from A 
to 4.0 may be assumed as a mean. The third, c<jntaining the rate of 
discharge, is probably nearly correct, but it is doubtful whether, at 
those rates, the capacities will be as stated, for the maximum rates 
have been taken in all cases. Half an ampere per i)ound may !«• 
takt»n as a fair mean. The greatest rapidities of discharge, in tlie 
fourth column, an* probably close to the real values: a 5-hour dis- 
chai'ge appears to be ab<Mit the most rajiid, the av^/rage being con- 
siderably slower. The lifth column has been deduced in order t<> 
endeavor to obtain an approximate idea of the average cost of accu- 
mulators, which has here beiMi reduced to a conimon I'ational ba.sis 
of Cost per ampere hour. The jirices used in this deduction are list 
prices, which an? always subj»»ct to discounts, but at the same time 
there are generally a number of extras which tend to ))alanco this 
discount, besides the fact that tin* capacities are generally consider- 
ably ov(»rrated. so that the figures here obtained, the (juotientof the 
two, are ])robably nt>t far from the true values. From 7 cents jK'r 
ampeni hour for the smaller ones to -!."► cents for the largest may be 
taken as a rough mean. Of course these values will de])end largely 
on whether the cells are for vi\\nd or for slow discharge*, also on the 
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natui'e of the retaining-cell and other factors, and aro tlierefore no 
criterion, but they will answer very well as a general guide. 

Tho classification is made accurding to the capacities, the sizes se- 
lected from the circulars being those corresponding most nearly to 
1*>0, 500, and 2,000 ampere hours. The data for the copper-zinc accu- 
mulator, whose eletromotive force is 0.75 volt, have been reduced to 
equivalent cells of 2 volts, in order that they may be comj)ared 
directly with the others. 



Capacity 

in ampere 

hours. 



OriKinal Plants mH of 1800 
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Oadot 

Foure-SeUon-Volkmar 
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El well & Co. (copi)er-7.Inc) i 

Elwcll & Co., revluced to 2-volt ' 
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cells. 



17. 15 

W 

93.5 

iw 

lOi) 
lUi) 
115 
Id) 

aw 

20 

25<1 

•id) 
•KM) 
400 
475 
500 
50i) 
500 
565 

;>,(») 
•i.OOO 
Ji, H» 



Rato of ! I List 

Capacity discharge! Rapidity .price iu 
p(*r in aiu- | of dis- J centA 
pound of p^res i)er charge in per om- 
plates. I iM»uDd hours. p^re 
of plates. . hour. 
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4.6 
3.2 
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3.3 



1.0 
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.63 
.90 
.48 
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.45 

.09 
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.07 ; 
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4.5 
'».5 
7.1 

4.5 

4.5 

41.0 

13.7 



.45 

I 

.45 
.69 



.68 
.45 
6.2 



0.9 
5.2 
5.0 
.\0 
0.7 
5.8 
3.0 
8.0 
8.0 ' 

I 
10.0 

(). 4 

5.0 

0.7'' 

4.8 ■ 
11.0 
10.0 

5.4 
10.0 

0.7 
10.0 ; 
7.0 , 
7.0 ' 



5.9 

0.6 

>«■ •« 

4 . I 

8.7 
5.8 
6.5 
9.3 
3.1 
9.3 



Nature of ceU. 



Glass. 

Elx>nite. 
Wood. 

Glass. 
Wood. 



6.S : 

4.3 f C\>mpositioii. 

5.3 I 

3.9 ' 



5.9 

4.35 

5.8 

4.8 

4.3 

3.9 
4.3 
2.0 
6.0 



Glass. 



Glass. 



Composition. 



Detailed descriptioiu — In the following detailed description the 
cells are divided into those belonging to tlie Plants typ©> tli© Faure 
type, and those belonging to neither. 

CELLS OP THE PLANT^ TYPE. 

Phxntes original accumnlafor, — In the i)ersonal exhibit of the late 
Gaston Plant^l (French section, grand prize) there were exhibited 
the plates of an accumulator of considerable historical interest, as 
they had constituted what was undoubtedly one of the tirst practical 
accumulators ever made. The plates shown were mere sheets of 
lead 10 inches long and 8 inches wide, one piece was light brown and 
the other gray. In the accumuhitor they had been rolled up together 
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spirally in the well-known Plants form. Tlio following data ac- 
companied it: "Made in LSOO; unrolled in 1885; weight nf Iwitli 
plates, 1.075 kilogi'ams; one discharge dejiosited •20.425 grams uf op- 
l)er, which is equivalent to <n , 7r»5 coulombs. '' This ca])acity, reel uci-d 
to more modern terms, is equivalent to 17.15 ampei'e hours, which 
therefore reduces to 15.J»5 ampere hours per kilogram of plates, nr 
7.25 per pound of plates. This result, obtained from the first a( ru- 
mulator t hirty years ago, is even better than that obtained ))y many of 
the " improved '■ forms of the present day (see table above), includ- 
ing even the Faure type, in which the capacity is generally from 4 
to ampr^re hours per pound of plates, though more is often claiint:'«l 
by the invt.Mitors. This shows that iis far as caimcity per weight is 
concerned no ]>rogress has been made. 

Dujnrdin, — The plates of the accumulator exhibited by P. J. R. 
Dujardin (French secticm, silver medial) are ma<le of thin horizontal 
bands of rolled lead about three-eighths of an inch wide, having a 
roughened or ribbed surfac<% which are piled one over the other 
and connected together by a frame of lead cast around them, so as to 
form a plate three-eightlis of an inch thick laminated transversely. 
In its form it is. therefore, very similar to the old well-known Kabath 
jdates. 

The chief novelty is in the i)rocess of forming the plates, which lit- 
claims can be done in 8 hours by a single charge, in place of th«» 
lontr, t(Hlious formation in the usual Plante process. This he does by 
adding a certain salt to the sulphuric acid and using a very stronir 
current for forming : this salt is used only in forming. It is a ni< »di- 
fication of the well-known pi'ocess of hastening the f<»rmalii»n by 
adding some nitric acid, the salt used having ])resumably the same 
function, namely, of assisting the more rapid oxidatii»n of the lead. 
The objection to the nitric acid is that it is sohai-d to get I'id <»f aftt-r- 
wanls, for if any traces of it remain it will continue t<) oxidizi' the 
lead so that the whole frame is soon destroyed. Whether the pai- 
ticular salt used is more readily washed out of the plates after forma- 
tion remains to be seen. If so. it is no doubt a valuable improve- 
ment over the ordinary process. 

The negative plates are made of positives reduced by reversing 
the current. The plates being exceedingly porous, he is enable<l to 
use fewer of them. In the cells shown there were one positive and 
two negative ])lates. The space between the ])lates is filled with a 
granular j>reparation of a burnt >ilicate which is exceedingly p«»rnus, 
resembling a sj^onge. and which renders contact between the ]>lat»*s 
practically impossible, but the internal resistance is probably in- 
creased considerably th(»rebv. It is evident that an aci'umulator i»r 
this form will stand a very great amount of abuse without injury. 

The following are some of the results of a test made for the jur\ : 
Weight of plates, 44 pounds; weight of cell complete, 00 i>ouiid.>: 
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charge 375 ampfere-hours, at 10 amperes; discliarge 209 ampere hours, 
at 40 ami)eres. Deductions: U.8 effective ampere hours per pound of 
plates; efficiency in ampere hours, SO i)ev cent; rate of discharge, (lU 
amixre per pound of phite; time of discharge, 7. 5 hours. The charge 
Wc'is probably continued too h)iig. In anotlier smaller cell the results 
and deductions were as folh^ws: Plates, 22 j)ounds; cell complete, 
40.5 pounds; charge, 102.8 amp?»re houre at 20 ami)&res; discharge, 
125.0 ampfcre hours at 20 amperes. Deductions: 6 ampere hours per 
[>ound of plates; efficiency in amjMTe hours, 02 per cent; rate of dis- 
charge, 0.9 amperes per pound of i>lates; time of discharge, ^j.3 hours. 
PoUnk, — In the Pollak accumulators (Austrian section, silver 
medal) the spongy lead is formed on the i)lates themselves by a 
chemical method, as fi^llows : The plate is cuvere<l with a paste made 
of a salt of leaxl (the chloride or the sulphate, we believe) which is 
then covered with a plate of zinc and inim(»rsed in acid. By a com- 
bined chemical and electrical action, the zinc is dissolved and the 
lead salt reduced to spongy lea<l, which is said to be very adherent. 
For positive plates these spongy lead plates are oxidized by the ordi- 
nary electrical process. The lead plates for holding this material are 
made in the form of a sheet with numerous minut" teeth perpen- 
<lieular to the plat«» ; the material is held in place between these 
teeth which, when bent over slightly, after the active material has 
been put on, will form short hooks anrl will thereby tend to lock the 
material on to the plate. The reduction of the lead salt to spongy 
lead is said to require twentv to twentv-four hours. The chief 

I « « 

claims for this accumulator are that it can be charged in six hours 
and discharged in five hours. This is undoubtedly a rapid rate, but 
it is permissible with almost any Plante accumulator. Strictly 
speaking, however, this belongs to the Faure type rather than to the 
Plants. 

An ingenious modification, though not new, is the compound cell 
in which one retaining cell is <livided off into several separate water- 
tight compartments by the plates themselves, wliidi are secured to 
the box on their three edges by water-tight joints of soft rubl>er. 
One half of each plate is therefore negative and the other positive, 
each plate belonging to two neighboring cells. The object of such a 
coniiK)und cell is to increase the volts at the expense of the amperes, 
by combining several small cells in one receptacle. It is verj* neces- 
sary, of course, to guard against having any holes through tlie plates. 
This form is light. ])ortable. and comj)act. and is esi»ecially well 
adapted for sm ill lij<lits. 

Simt/Hii, — IntheSimmen accumulati»r (French section) the plate^ 
aT-e madi* of fine hair-like threads of lead, made by pouring melted 
lead thnmgh a sieve and thence directly into water. This material 
i> then couijjresscd into ])!ates, and a frame of lead cast around it. 
It is a question whether they will ht»ld together after bein^ thor- 
oughly i>eroxidized. 



185 TJKITEnSAI, XXPOSmON tip If>89 AT PARK 

dara^shw, — In tbo Oarassino accTHuolatdr (Italian sectiou, bronze 

■medal) tlie plaUjs (irti iiiude i>f n mlletl sheet of ktid having depreB- 
sions and riba, viji'm which is deposited, electro! ytically, spongy lead ; 
tliis is then compreased on to the plate forming a jwroiis coating cm 
the frame, which is readily oxidized for the- positive ]>Iates \n 
usual Planti? process. 

C&y. — For tho 0<^ly cbU, whiHi might ht clHSs»id iimorig Vaw 
below under the Faure type nf cells, 

CELLS OP TH8 PAORB TYPE. 

Faure. — Pbilippart Freres {Frpnch section, silver medal) had the 
largest and mont rompiete exhibition of accumuIatorn. Theyarti 
the makers under the Faure patents in France, and un'U-r the Vojk- 
mar patents for tUo grid, and the Sellon patents for the inoxidiz- 
able alloys of lead and antimony for the grids. They rt'preaont the 
Electric Power Storage Company in France, Their accumulator ia 
too well-known to be described here. Their recent improvemfinto 
are in the details of construction, the gi-id remaining thv samo iw ik 
has been. The prusent form of ihe plates is soeu in Fig. ^5. 




i-l>lU|>v«n FrtnK F* 



npgativen alouc n -t i.n ihf butloni of tlie cell, whih* tht-posttira 
supported on insulating blocks restinir on a shelf attached \ 
negatives. The positives may rea/iily be lifted ont by tbe q 
bridge piece in the center, TIi" con'^triiction, though cemplfiB 
is yuite practical, except thiit it Hoks imt i>prmit the reiu 



klian^n^nf a "aii-k" plaU'. Another improvement w tlit'h- "twin" 
OjaUl ahown in Figa. 3'> and X, whtoh pxplain themselvt-s. 
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This i« i\ very ingenious coiitrivftnc" for (:iVHr(?.a!iiiiig all si.'Iiiered 

r o^iov coniie(.'tioiis between cells, hh'I furtlierni'ire enables iiny 

'0 to lip rt'raovtxi, examined, or ohaiigt'il. oven while Hip cpIIs iiiv 

J oharyL'cl or discharge'L It has the ulight ilisadvantiiyi? tlint 

Flhere is uo pqnalization of the capacitiea nf all the hko plains of a 

reell; tlioy mnst thernfore all >io maile nf exactly the Bame capacity, 

|rhis company appears lo In* s-'lliiig large miantitiea of accninnla- 

; thyy claim Ihat. if pnipfHy takvii L-are of, the plates will .i-ive 

jno trouhlu. Thtfir ct-lU arnrsuil largely for htmse, iwvell a-so'iilral 

fttion lighting, especially ia Englaml. Thoy iiudin'take to kt-r-p I lie 

1 in gijud rjrtjpr fnr from 1.^ to 3i) per CBiit i>f the list price, per 

The test made f nr thfi jury gave the following reBulls : Weight 

brplateK, St;,.s pounds; weight of cell, complete, 33.7i>onuils ; eharge, 

BS7.fl ttinpf-rt- iiours at fi,5 aul^^^^■e8; iliscliarge, lOa.6 ampfere hours 

k IlS Bmi)tres, Deductions : Cajjacity, 4 arapfere hours per pound of 
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plates ; rate of dischargo, 0.'J2 ampi^ri's por ixmiid of [dates ; time of 
discharge, l.*5 hours ; elficieiicy, 7S. '> per cent. Notwithstanding the 
very low rate of dischargo, the c ipacity per pound is not very good. 
At a liigh rate of discharge the capacity falls rapidly. 

Ili.storicaL — Among their exhibits was one of the (original Faure 
Cflls of 18S1, consisting of sliet^ts of lead having the active material 
heM ui)on their surfaces by pieces of felt tied around them. 

Jul ion. — Anoth(»r larg(^ exhibit of accumulators of this kind was 
that of the Julien cell, exhibited by the Societ(5 Anonyme TElectrique 
(Belgian section, gold modal). This accumulator differs from the 
Faurc-Sell<m-Volkniar only in details of construction; the general 
nature of the grid is the same. Tlie plates are as a rule smaller, as 
are also the meshes of the grids. They claim as their point of superi- 
ority over the Faure-Sellon-Volkmar that their grid is not oxidizable 
and will therefoi*<i not only last longer but will not suffer as mu<;h 
from use. They claim to make their grids of an alloy of lead, anti- 
mony and mercury, which is said to be iuoxidizable. While this may 
bo so in a measure, it is not absolutely so, as the grids will corrode in 
time. Tiie usual type of their cells differs little in appearance from 
the simple, well-kn»^wn form. ()iie prominent feature is that all 
connections in and about the cells are either soldered with homoge- 
neous solder or are made by meansof clamps of the same alloy, which 
is quite hard, not at all like lead. The foll<jwing details may be of 
interest. Tlie size of the usual plates is 7 inches S([uare and one- 
eighth of an inch thick; distance between plates, about three-six- 
teenths of an inch: the meshes in the grids are <me-fourthof an inch 
square ; weight of a grid, 'iAb pounds ; weight of a plate, 4.30 j)Ounds; 
the weight of the active material is therefore about 44 per cent of 
the weight of the plates: in the bottoms of the glass jars aro two 
inverted V-^'i'U>*^*^ ridges which support the j)lates clear from the 
bottom. The following are tin* results of the test made for the jury. 
Weight of cell, complete, 40.4 pounds: charge. 1S5 ampere liours at 
the rate of Ti amperes : discharge, 13:5 ampere hours at the rate of 
34 amperes. Deductions: The weight of the plates was not given, 
but, assuming it to have been at the most *i^\ pounds, gives 5.1 
ampere hours per pound of plates and rate of discliargo of l.:j 
amperes per pound of jdates : time of discharge, '5.H hours ; efficiency 
in ampere hours, 72 percent. It will be noticed that the rate of dis- 
charge is ([uite high, being more than one-(piarter of the capacity, 
as the discharge was in less than four hours. The results aro there- 
fore ipiite good. 

An interesting novelty exhibited by this sann? company whs a bat- 
tery of accumuhitors in which the plates themselves formed tin- 
retaining cells. The plates ;in» ma»l«* in th«' form of truncated com-s 
closed at the small eiul: thev hav«* cii-cular horizontal ribs on tlie 
outside surfarr an«l straight ones on the inside, i»erptMidicular to the 
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Tbey ttr« cotttwl nil tLt; oulsiiJo ami inside willi the urujiI 
lolive material and are pik-d imu (ititivu tliu otiitir with thf small 
mU (Utwii, w> tlittt earh una fnrniH :v retaining cell into which the 
ivxt oiiu iibovo i:i iilaced, leaving a thin layer of the lit]uifl l»ntwwii 
the two: thy iii»idt> i>f 'lUf- cone fnrms the [K^sitive jdato, and Iho nut- 
|de of the one ahovu. the negati vn jilati- «if a cell ; the cmies an,- Sop- 
jAttxl frttm one another hy rubbor rings. It is a cheap an'I siHiplf 
u nnd wll doubtless find (runsiderable application for stationary 
s and small caparities and discharges. The only [mporlanl 
Sijection is that if the upper e<]ges of these conical colls beconiu 
Wistened with the spray, which is very likely tu hapt^en during 
irge, the cells will not hold tlieir cliarge, 

—In the iMTiimHlatora of Paul Qadot (French suction, sil- 
■ medal) the grid tor the plates is made radically different in^nx 
I naiuJ type, as seen in Fig. 3ti. tlie first ripreMwntiug this new 
sand the second the iisnal form. 



.^ 




IF 

^K^t W well known thai in I he ii«ual form of grids the holes or meshes 

^B^ larf^est at the siu-faces and become smaller toward the inside: 

^Ine active material, therefore, having the shajie srimething like 

T fivet, is thereby lockad in the grid, but the force of expan- 

; "U splits it through the middle and allown the two halves to 

■ ip out ftw shown in the figure. This is oiieof thechief faultsnf 

tilt* onlinary ftirm. To avoid this, Qadot makes the grid of two • 

fives rivetetl together sr> that the Haro of the meshes is toward the 

K!<1e and not toward the outside: the activi> material is therehy 

1 in so that there is no tendency to split it, and it is almost iui- 

Kible for it to fall out unless it is crushed almost to a powder. 

nt>hor modification is that tlm meshes are made quite large, 

J S inches by J by i inch thick. He thereby obtains much more 

Jit of active material per p-mnd of plates cnmiilete. He statew 

I <8 per cent of the total weight of the plates is active materia! 

"} per cent is dead weight of frame. The resulting increaee of 

Kity per |io«nd is oue of his chief claims. He gives as the nor- 

1 nte of discharge 1 ampere per jKiuud uf plates, and as capacity 
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3.4 and 5 ampere liours ])er im)Uii<1 of i)latos, (lei>eiicling on tin- j^iz**. 
Tlu* formation is at tlie ralt^ of abont ono-fourth of an ami^M-H per 
l)onn(l, and lasts for 2M) lionrs, inclndinfj: three discharges. The Imr 
connecting all the plates of a cell consists of a horizontal holt i)ass- 
ing throngh the lug of each plate and through ferrules of lead aUoy 
hot ween tlie lugs, the whoh^ ])eing pressed togetlier hy nuts. This 
construction enables any one i)late to be removed and replaced witli- 
<nit any soldering. Tlie results of one of the tests made for the jury 
W(»ro as follows: Weight of plat<»s, 'i'.i j)ounds; weight of cell, com- 
plete, 34 pounds; cliarge, 15/).4 ampere hours at 10 amperes: dis- 
charge, HI. amj)^re hours at 10 amperes. Deductions: capacity. :».«*. 
ampere hours per pound; <lischarge, 0.44 amp^^res perpoun<l: time 
of discharge, 8.2 honrs; efficiency, 05 p(>r cent. Thesr^ accnmulattirs 
an^ used largely in Paris for lighting purposes. 

Cely, — Anotlier accumulator of interest whicli is coming into u>e 
largely is that of Laurent C*'ly, sometimes known as the Sarcia a«> 
eumulator, exhibited by the Societ*^ Anonyme jnair le Travail l5l«.'c- 
trique des M^'taux (French section, silver medal). It is s<jnietinies 
classed under the Plante accumulators, but as the active^ material is 
made from conn)ounds of lead, as distinguished from lead electri- 
cally oxi<liztMl, it belongs more i)roperly to the Faure tyjm. Tli»-ir 
chief (tlaim is that by their process of ])reparing the active material 
it is madt^ extremely ponms with<mt losing its mechanical strength. 
The jdates ar<» made of a number of small, fiat cakes of active ma- 
terial li- by lii, by i inch thick, having rounded edges. These an- 
placed in a mold sidi* by side, sh<^rt distances apart, into which nn»ld 
is then ciist melted lead allov, which fills the interstices lx'twt-»-ii 
these cakes, binding them all tog»'lher in the form of a large flat 
}»late three-i'ighthsof an inch thick, having the api)earance of a lar-e 
gi-id with Very large meshes. TIm' cakes having rounded edges, a!*-, 
by this process of casting tla^ frame around iheiu, securely faslfn«-l 
in their frame. In the later forms these cakes are grooved on tb-ir 
sui-face with two sti'aight grooves int<» wliich thenidlten meial il«»w>. 
fMiiniiig ;iii additional lueans of holding them and increasing their 
eMi'.ict with tile h.'ad. Tlie cakes of active material are nuule bv tlie 
t"ilowi]ig pi'occss: Chloride of l(»ad is mixed with ].'> to '^5 }>er cei^T 
'>f chloride of zinc: this is melted, which re([uires about Immj' F., tii- 
zinc assist in;^: to make it more fusil)le: it is then cast in an ironnioM 
iato the flat cakes of the foi'in i'i*(juired: the^e are then washed Vfiy 
t iioi-ouglily 1o dissolve any <)xychlorides, as also th(f zinc chlori<l«-. 
The density of the Irad chlm-ide wliich remains is fr<.»m 4.J«J to 3.:M. 
<|epi'nding on the per ernt of chloride of zinc us<*d. In this form the 
fi'aine is then <'ast around a numb»-r of them as »lescribed. Tin* 
plates in this foi-ni ar(* then conn«'cied lo a sheet of zinc and ini- 
TiieT'sefl in water acidulateil with li vdrochlorii* a<i<l. This reduces 
the chlinjilf of lend to metallic lead, the zinc b»'ini; <liss<.)lved. The 
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density of tlio lead cakes is then :j.(»0 to 2J)0, and it appears to pro- 
serve tlie crystalline slructure of tlie cast chloride. The density oi 
metallic lead is 11.35, whicli is 3.7 t<> 4.5 times greatt^r, showing tlio 
great porosity. These j)hxtes are then rea<ly as negatives. Foi- \n >si- 
tives these load plates may be oxidized by the Plantt^ process, but 
they find that the peroxide is mechanically stronger if the oxiflntion 
is jierformed partially by chemical means. This jirocess consists 
simply of heating the cakes (after njdnction) in an ovi^n in which 
they are converted into litharge. They arc? then per()xidize<l by tlie 
forming with a current, as usual. The peroxich* obtainer] by this 
process is said to have a density of 3.57 to 2.88, that of ordinary jM^r- 
<}xide being about 0. By density is probably meant the weight uf 
the same volume, and is not the same as .specific gravity. They claim 
to obtain 4.5 ampfere hours per pound of plates, at a discharge rate 
of 0.45 amp&re per pound. Their large plates are 10.5 inches square, 
three-eighths of an inch thick, and weigh 20A pounds each; tht* large 
cells contain 10 negatives and positives and weigh about 550 pounds, 
their discharging current being '^50 amperes. 

Huher, — In the Huber accumulator, exhibit<»d by Cuenod Sautter 
& Co. (Swiss section), the plates are made in tlu^ ordinary grid form, 
as usual, with the additional featur»^ that a small hoh* is pierced 
through the active material in the center oj' each mesh. The ad- 
vantages claimed for this are that it is intended to allow for the 
expansion of the material, and thereby avoids all evils resulting 
from such expansion, such as buckling, falling out of the material, 
etc.; also, that it presents mori* surface to the action of the li(|uid, 
which enables the charging and discharging cunvnts to ])e greater. 
Possibly, also, the active material is thereby mon* thoroughly util- 
ized, giving therefore a greater capacity ])er jionnd of active mate- 
rial. The results of one of the tests for the jury were as follows: 
Wc*ight of plat<?s, 10.4 pounds: charge, so amjiere hours, at HJ am- 
peres; discharge, ^4.0 ampere hours, at in amperes; deductions. 
capacity, 4 ampf^re hours per pound of [)lates : rate of discharge. u.Ci 
ampere per pouncl; time of discharge, 0.5 liours: ellicinKry, in ani- 
l»^re hours, 81 [)er cent. 

Sf^htfop. — In the Schoop accumulat(;rs, exhibite<l by the ( )erlikon 
Comi)any (Swiss section), the chief mcMlitication is that the whr)le 
jar and the space ])etween the plates is tilled with a mineral jelly or 
gelatine, called a "solid electrolyte," made by mixing s(»luble glass 
with sulphuric acid. The intention is to have it a<'t as a i)orons par- 
tition between the j)lates, to prevent tlu»ir touching by bucklinic or 
falling out (jf the material. It is hardly j>rol)able, howi-ver. that 
this soft material would not be pusjie«l aside by the great force ex- 
erted when a plate buckles. Another improvement is. tjiat in tlie 
large positive jdates the current is leH ulV from all foui* «-. iincrs. .-ind 
from the center of the negative jdates, the intention beinLc to avoi<l 
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buckling by a more even current distribution over the plates. It is 
very probable that the gelatine used increases materially the internal 
resistance and diminishes the rate of charge and discharge. 

Pdllak. — For the Pollak cell, which might be classed among these, 
see under Plante type of cells. 

OTHER TYPES OF CELLS. 

Reynifr. — The only other accumulators of importance exhibit^*d 
and not belonging to either the Plante or Fauro types were the Rey- 
nior and the copper-zinc accumulators. The Reynier is well known, 
consisting of zinc as a negative and peroxide as the positive plater*. 
It has the jul vantage of a higher voltage, it being from :2.3 to 2.5 
volts. It has such grave faults, however, that it appears to have 
been abandoned, and was exhibited o\\\y as a voltametric regulator, 
to be used in connection with a dynamo, to regulate the potential 
and to act as a reserve device in case of accidental stoppage of the 
dynamo. 

Cfidmiiim. — Another exhibitor used cadmium and tin, in place of 
zinc, but without apparently any great gain. 

Copper-zinc. — The* other accumulator, of a radically different ty]je, 
is one exhibited by El well & Co. in the French war department, and 
us(m1 in the French navy. It consists of porous sheets of copper as 
pfhsitive plat(»s and sheets of amalgamated tinned iron as negativt-s, 
the li(iuid bcin.y; a concentrated solution of zincate of potasli. On 
charging, the copper absorbs oxygen and is changeil into yellow 
su])oxido of copper: the zinc is deposited on the tinned iron: the 
j)otash is S(^t fre(\ They require no forming, and ai*e said to stand 
any rate of charge or discharge. A set of fifty of the smaller c^dls 
was used in an' experiment on a street car, and is stated to have 
given 4r5 amperes and 35 volts, making 1,575 watts for 3i hours, ami 
is said to weigh 700 pounds. This would make about 100 pounds of 
cells per effective h(»rse-pow(»r hour. As a good lead accumulator 
of the ordinary tyj)e will weigh about i 10 to 120 pounds per effective 
horse-power hour, and even less, this new form is not much lighter 
than the well known forms. Their (;hief disadvantage is their small 
voltag*'. which is only .75 volt, or about one-third that of the lead 
accumulator. To be e(iually light for the same ])ower it must give 
about three tinn's the capacity in ampere hours per pound of plates, 
and eviMi tlieii tlieiv will bt» tliree times the number (if retaining 
cells. It is reported, furthermon*, that tlu»y do not retain tlieir 
charge well and that the liquid tends to chanii:e into car])onate when 
in ••ontact with the air. 

This form of acr-umulator, slightly modified, luus lately been intm- 
duced into this countrv, undei* the name of the Waddell-Kntz ac(*u- 
niulator: it is also closely a 1 lie* I to the Lalande tS: Chapron or the 
Edison- Lahmdi' i)rimarv ])atterv. 
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v.— ELECTRICAL MEASURING INSTRUMENTS AND 

•SCIENTIFIC APPARATUS. 

GENERAL. 

The exhibits of the higlier class of electrical ineasuriii*^ iiistru- 
ments, though confined to those of but few exhibitors. woi*e th*,^ 
products of the very best makers of the world, and may therefoiv 
be considered as representative of the latest and fint-st appju-atns of 
this class. There were also a number of exhibitors, who, tli<)u;j:h 
not ranking among the higliest, liad excellent exhibits lA' a[)[»aratus 
of certain classes, and specialties, such as appr.ratus for research, 
instruction, and demonstration, commercial instruments, ^ieissU*r & 
Crooks tubes, etc. In general, tlie exliibition of t-'k^clricai instru- 
ments was very good and complete, representing tiie principal man- 
fac'turei's of the world and tlie latest and l)est i)r()(lucts. 

Progress. — The progress shown was chiefly in the direction of im- 
pi*ovoments in the class of testing and measuring apparatus, the 
improvements being mainly to facilitate the using of such api^ira- 
tus, rather than to develop new forms, thougli some important prog- 
i"ess has been made in the latter direction also. 

Among the more important improvements are the Deprez-d'Ar- 
sonval galvanometer, the change of the divisions in resistance bt^Kes, 
the newer forms of electrometers and electrometer voltmett^rs. the 
Lijipmann instruments, the Thomson ampere balance, the Wimsh iirst 
influence machine, and, in the direction of apparatus for researi^h, 
that of Elihu Th<mison. 

Exhibits by countries. — The exhibits were confined almost entirely 
to France, England, and a few from the United States. Tlios«' of 
France were by far the largest in numbers, and, with the excei)tion 
of Elliott Brothers, the most important also. In the English section 
there were, besides Ellir)tt Brothers, who, with (^ai-pentier. are the first 
in the world, a few very creditable exhibits. Those from the United 
States were limited to the apparatus for i-esearch of Elihu Thomson 
and Edison. 

Awards. — The importance of the various exhibits may be judged 
from the principal awards given in this field by the jury. J. Car- 
pentierof Paris, and Elliott Brothers of London, both received the 
very high award of grand prizes. Latimer Clark, Muirhead & Co. 
(Great Britain), and Richard Freres (Paris) received gold medals. 
Dalloz, Gillet et Guyot-Sionnet, Gaiffe et Fils, and Patterson & 
Ctjoper received silver medals. Besides these, Bregut^ was *'hors 
concours," being represented on the jury, and Ducretet was classt.Ml 
in the section of instruments of i>recision in which he received 
a grand prize. 
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Chiwififftfton. — In tlio iiccompfinying (k»tailocl doscription, tlin 
exhibits ;nv <.l<'scrilM,Ml in the following order: galvanometers, elec- 
trodynanionietoi'.s, eloctronioters, resistance boxes, ampere and volt 
meters, meters, and miscellaneous apparatus. As most of the ai»- 
paratus is already well known in a general way, no attempt is made 
here to give a thorough descrii)tion, a familiarity with the well- 
kn* >wn apparatus being assumed. The description is confined merely 
to a summary of such points as are of interest because of their nov- 
elty or of their importanc<.*, or of their recent development. Appa- 
ratus for demonstration and instruction has not l^een inchided, as it 
has undergone little recent development. 

GALVANOMETERS. 

EUiiKui.s. — To facilitate the description of galvanometers they 
may bf considered as consisting in general of three essential ele- 
ments, namely: first, the part through which the current to be meas- 
ured passes, usually in tlie form of a coil of many turns of wii-e. 
with the object of multiplying or magnifying the effect, which it 
does in proportion to the number of turns in the coil ; second, a 
light movable part which is moved l)y and in proportion to the mag- 
netic force exerted by the current in the coil ; third, a directiuji^ 
force which gives the movable part direction and antag(mizes the 
force (exerted 1)V the current, so that the resultant of the two will 
imlicate the measure of the curivnt. In the ordinary well-known 
galvanonu^ters the coil is fixed and must be jdaced with its axis east 
and west: the movable part is a small light magnet suspended on a 
fiber without torsion, or on a ])ivot. and the directing force is the 
magnetism of the earth which tends to hold the magnet north and 
south. 

Defiuifian tif t( ntis: Canstaui, — The following are the i>rincipal 
terms used in connection with galvanometers to indicate their prop- 
ertii's, such as the currents for which they are to be useil, etc. The 
'\fujnr*- (if nn-rW of a galvanometer indicates what is usually re- 
ferred to as its sensitivrnc.'ss: that is, it is a constant which indicates 
how small a curi'ent can be measured with the galvanometer; it there- 
I'on» gives a number by which different galvanometers may be com- 
pared with t'ach otln*r in this respect, providecl the same unit of 
(h'llertion has been usrd. T he, //</// /v o/ ///m'// is defined as the rt*- 
ciprocal of tin* current whirh will ])roduce one unit defiection on the 
scab*. A high figure of mei'it therefore shows that the galvanometer 
will mejisure verv small currents: that is, it is verv sensitive. For 

ft . ' ft 

this the French use the better term ^*atnsttntl" of a galvanometer, 
which is defined as the resistance, usually in megohms, through 
which one voll will protluce one unit defiection. It may readily be 
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5'1n)\vii that the two t(*rrus are ahsuhitely tl.i* saino; tliat i>, that tho 
ivnrrt' of mf-rit roallv is this ivsistaiico whi<*h is called the ronstunl, 
Tli<» tAVo tonus may thei'(»r<>re h(» used iiiterrhaiigeably. Thi« cun- 
stHiit is readily obtaiiieil fur any ^alvauoiueter in which the dettec- 
tions are i)ractically proi)orti<)ual, as follows: Connect a battery to 
tin* galvanometer through a resistance, and read the detiection, 
usuallv in millimetrrs: divide the total resistance bv the electro- 
motive force an<l multii>ly l)y the deflection; the result is the re- 
<ltiired constant or ligure (»f merit in ohms; if galvanometer shunts 
have been used, the (M)rrection must b(? made. In a large tangent 
galvanometer the constant is usually that current which deflects it 
4.'» degrees: this is the reciprocal of the other constant; the unit of 
«leriection, however, is different, so that no comi>arison can bo mad**, 
except with other tangent galvanometers. 

Aptriodic. — Aperiodic is synonyuKms with the {i'vni dead hraf und 
m«»ans that the movable part of a galvanometer comes to rest quickly 
without oscillating to and fro a number of times, ])e it when it is 
deflected or when it returns to zero. In a c(?rtain class of galvanom- 
eters which are ai)eriodic only when the circuit is closed, the /////// 
of operiA)dicitij is the greatest resistance in the external circuit with 
which they will be aperiodic when returning to zero; that is, when 
the iM)inter will not pass by the zero on returning to rest. 

Bnllisfir, — A hidlistic galvanometer is one in which the moving 
[Kirt has considerable inertia; it is used for measuring momentary 
currents, the principle being that the moving part does not begin to 
move until the momentary curi-ent has ceased; the deflection is then 
a mere single oscillation. Strictly speaking it measures coulombs, 
and not amperes. 

Asfidic, — An asUiiir galvanometer is one in which th(3 directing 
force of the earth's magnetism is nnide exceedingly small by having 
twc» needles connected on the same spindle, and turned in opposite 
directions, so that only the difference of their directing force act.s 
while the current a<5ts on their sum, thereby increasing the relative 
[>ower oi the current. 

E.rhihits, — The objects of improvements exhibited arc, variously, 
to increase the constants or ligure or merit; to increase the aperio- 
dicity; to make them independent of the magnetic field of the earth, 
dynamos, moving iron masses, et<*. ; to make tln^m less delicate to 
handle, and to sim]>lify and ch(»ap<?n tlitMr construction. 

Tlwnhsons (jaJvunometer, — The well-known Thomson singh.»-(M>il 
an<l douljle-coil astiitic galvanomet(M-s were exhibited ])y Elliott 
Brothers, of London, their original maker's, who do not appear to 
have modified them any; they ar<.' too well known to reciuire descrip- 
ti<m here. 

Carpentiers tnodificoliou. — Carpentier exhibited a modification, 
the object of which is to make all the parts readily accessil)le, and 
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iilsii U> tuxiMn Ihe ciiile in Tjg rhangerl, nil of which in »Jone i 
mei'ftly a fc-w tlimnb i»rrftws. 

Fig. ny shdws lilt' j^alvftMoineicr coiiiplr'to. Tlif ])\tiU^ gla«s fa> 
c(in lj<» pullLtl out from tho top; hy iinsi^rowiiig ihe Ivro HiXf 
acrowH B B, thu front platu. «hown in Fig. 40, oonttiinint; tlu 
halves of tho two cuils, can lie rt-mnvod. IwarinK thw rhbiUu t 

wit.h the mirror, ihiiii|j<'r, anri HiispE>nmoii fxpose'I, asaoen in 1 ^^ 

alloiving any ii'ljufttiinf ;ni>l rfpainni; In lio infulc. Thfi bnlfsj 
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lints BB' arfi so arranK*"*! ami inntilated willi ivory thai thH 
Bcrowiug on the platw (Fig. 44J) makfis all tlit! wmnectlon* t 
Tht' niar plato may be i'einovt?i] similarly, and both may be l^ 
by othpr coils of a difforciit r^Ristaiipi-. The little lozengi 
air ilamper also pnn'«nts tlii^ spiiulh- frmn making a romplfri 
hitiun, Tilt' form i» a vi'ry practical ono. iviiti i»t 
provement 'm the original form. The followioK are K 
■limnnsionn aud conntantH of the miwt sHUMitive one i 
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[^300 tanin of win* oii«-tcnth of a luillimetor diaiueter, ivbout Xo. 

|Ani6ricau gaugu; n;«i»t(iiU'Li, 1'5,130 ohms. The constttnts vary 

"din^ to the positioii of the flireclinp niaynct on thu top, Tho 

aof ftJl osiTillatioB in cominy to rest will iiicri-ttao witli the i-ini- 

nt, bnt not in aH rapid proiHirtion. For coiistttuta of SOd, l.ilOO, 

1 ISfOOO Hittgohins per millimeter .ietlectioii, the tttny of a single 

iilaiioii -was 4i, 7, ami 31 seromls. respectively, Distiuit-e of scale. 

I iDi!U<r. 




^■^Arionval. — The most important anil interesting exhibit 
! galranometers was unquestionably that of the SfM-uUeii 1>b- 
fl'Arsonval galvanometer, made and exhibiteil by Caipentier, - 
This instrument is so simple and eminently practical, and 
^sncll excellent qualities that it willdoubtle»B replace most of the 
r forms of galvanometers, besides creating new uses in pla<?:e8 
B the older forms could not he used on account of their being 
1 by so many surrounding conditions. It is aireadv in use 
/ largely in France, and it would doubtless meet with .he same 
(ifor 111 the United States, The principle is essentially the same as 
t tuecl in the well-known Weston instruments. 
rincipk. — The galvanometer consists, as shovm in Fig. 42. of a 
•isbaped magnet, having a small cylindrical piece of soft iron be- 
ll. Ex. 410— voi. iv 1.1 
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tween its i>oles, secured by means of a standard in the reur. Tlie 
small, light coil of wii'e is wound around a small, open, rectangular 
frame, aud is suspended as shown so tliat it can revolve freely 
around the suspension as an axis, the two long sides of the coil mov- 
ing in the most intense parts of the field. The suspension wires are 
tlie leads to and from the coil. Tlie current to be. measured passes 
through the coil and tend.s to revolve it, precisely as if it were the 
armature of a small motor. The .'suspension wires are soldered at 
their ends, aud their torsion acts to give the coil direction and to 
antagonize the force exerted by the current ; the upper one can be 




twisted slightly to si't the coil u.' ■/.•■ra. The order of tilings in the 
■ ordinary galvnnonn-tcr is. thcTcfori.', ri'vensCKl; instead of having a 
large, fixed cimI anil a small, light. nmvabK; magnet, the coil is here 
niadi' light and movjilili*. wliilc thi' majtnof is large and fixed, the 
weak and variable earth's uiaKiietii- forcu Iwing replaced by the 
ii'Iiable and invari«bb> tortsloniil forcf of u wire. In any galva- 
iiiiiHCtf'r, the di'Hfrting force is propoi-tioiinl to the protluct of the 
magni'tisni of the coil ;iiiil tin.- magnt't ; in the old form of gjilva- 
n<ini(-ters. the former is jrrcat and iht^ hittor is necessarily small ; in 
thr pri'sent fiinn it is just lln- rfverM-. tin.' magnets being made very 
iHiwcrful. 
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Historical, — The idea of this disposition is not new. it having been 
suggested by Maxwell and used by Sir William Thomson in his 
syphon recorder, but wo believe that it was not until 18S0 that it 
was applied to commercial galvanometers by Dr. d'Arsonval. The 
same principle is applied, at present, in a more comi)act form here 
in the United States in the Weston commercial volt meters and am- 
I>^^e meters. 

Propfn'tifsawl wlvant'ujes, — Among the chief advantages, besides 
simplicity, are that it is aperiodic or deadbeat, and that it is inde- 
pendent of the earth's magnetism or that of surrounding bodies. 
The field produced by the magnets is so intense that the c^arth's 
magnetism is ])ractically nothing compared to it, and even the ])res- 
ence of dynamos and other magnets or moving masses of iron have 
practically no effect on the deflections. 

The aperiodicity is due to the fact that the movement of the coil 
when deflected generates a counter electromotive force which tends 
to reduce the original, the result being that the pointer or spot of 
light will move slower and slower as it approaches its point of rest, 
and will not pass it and oscillate. In the same way it will come to 
rest at its zero, provided that the galvanometer is short-circuited so 
as to allow the current, which is generate<l by the moving coil, to 
flow, and thereby to oppose the motion. This nperiodicity is not 
only a great saving of time, but enables tlio galvanometer to be used 
when instantanet>us readings must be taken, and when, therefore, 
the ordinary galvanometers can not be use<l. 

The sensitiveness or figure of merit increases with the magnetism 
of the magnets, with the immbor of windings on the coil, and with 
the length of the suspension wires: it diminishes as tlie suspension 
wire is larger. For tlie same coil and magnets the figure of merit 
may be varied by merely changing the size of the suspension wires. 
It can be used with shunts, as any ordinary galvfinomet^'r. If used 
with a spot of light and ordinary scale, the deflections are propor- 
tional to the current. The zero point depcaids oidy on the suspen- 
sion wires and therefore remains fixed if they remain unchanged. 
The same figure of merit or constant can be obtained with a much 
less resistance of wire than in the ordinary galvanometers, being 
equivalent therefore to a low-resistance galvanometer with a high 
figure of merit or constant. 

Even the most sensitive forms, however, do not equal the figure 
of merit of the double astatic Thomson galvanometer. 

Constants, — In the form ust/d most fre([uently, shown in the 
above figure, the c il has about '^oo olims resistance, the susjiension 
wires are of silver, fifteen one-liundr«*dtlis of a millinn^ter, or about 
O.OOG inch (No. 34) diamet»M-, and each about 'i inches long: th(» con- 
stants vary from one to four megohms, and tlie limit of aperiodicity 
is about 500 to 000 ohms, that is, when short-circuited through this 
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reaistanco (or anytliing less), it will not puss by the zero in 
back after having lieon Jt>flecteil. The transpHrt'iit 8oalo is 
half a meter long, graduated in millimeters, ftiid in plACC<I nt 

taiice i)f one metii?r. The tenths of a milliraotur c-au readily ba 

mateii, an'I correspoml to a 'leJlectinn of the coil of 10 geconds'' 
one throe hiinilred and sixtieth of a degree. 

Mn'Vlh-'il'foi-t: Jiiilli.^lir — Th'Te were eshibited many modiScatiaiu 

-. Fig. 43 shows the form nsod for a 

> illistic galvanometer. The coil in 

iiade very large and with its grouttnit 

dimension |)eri»eiidioiiittr to its axis, to 

i lu-reaso its inei'I in. The two (J-sIiaped 

magnets, with thoir like poli-s together 

a,s shown, form the outsidf of the gal- 

Vitnoineter. The coil is Su by B4 milli- 

in.-tersiind is compotsed of .VNItumsof 

nin'-tfnth of a millimeter wive, biiviiigft 

resistftnce of 5iXJ ohms. Th« sti^imn- 

siuri isliy mennsof silver win.iM of oof^-^ 

teat h of a millimeter and 70 mili 

in lougth. The cotistaut is li 

ohmn. It given forty-three db 

for a disfiharge of a miaro-voi 

Its lim^it of aperiodicity is abonl 

ohmy, which is exceedingly 

Wlifn allowed to oscillate fi 

pei'iod of oscillation is aljuut 6 secoi 

while when sliort-circuited it nK]uintt< 

minutes to return to zero, th« 

Mlieriodicity is so great; by properly 

liming the moment of this Mbott ciiv 

j"JK. LI i^juuul.' k,iu ji.L,i,i.-i,T i-'nit. this tirnti own uvideiitly hv rvdu'oed 

to a few seitouds only; this ovunximes- 

the objections to ordinary ballistic galvanomutfrs, in whiuli tb» 

needle r«quin>s a long time to come to rest. It is idaimed Iliat it will 

measure isorrectly momentary currents, t'Ven if their duration is »Br- 

eral seconds, an in the case of largH dynamo lield magnet.**. 

Propnrtinnril direct rfiuUntj.—Tii obtain a direct retulitig gatviuiom- 
eter with propoilional retuHngs, usetl chiefly for medical purposes, 
and gradmited in milliamp^res, a modification of Figure 42 is tuteil. 
One polu of the magnet is wmnected dire<;tly to the cylindrical iron, 
core, which, in this case, is hollow; tlie other is connected to 
cylinder of iron encircling thiH first pole, leaving an ananlttr 
betwwn them, which forms the single field. The rectongi 
is suspended so as to turn on ont? of its sides (us an axis, and m 
the field, while the other mov<ia in tliis anmilar fitdd. Tbt* deflee-j 
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pons am tbroujih uti tingU* of I«0", iiud are sufficiPiitly prr>iturtiriiial, 
trying only 9 ]>i.t cent. They are made tti correspond to millinm' 
i by an adjustable shunt coil. For an UluKtmtiou and descrip- 
[iin see La Lulni^^e ;felectruiue. May U. 18S9. p. 370. 
[ Seitsitm' form. — If the coil is held at top and liottuin by two tliin 
md long wiri^s it is too apt to tveinble. To obviate this the coil is 
nr ftncli piii-piwes suspended by a sinj^le long thin wire from the 
Ibp only, whilo the other connection is made by a platinum wire at 
" e biJttoni (lipping into a mercury cup; the mercury is coveryd with 
k anIntioD of cyanide of potassium to dissolve the film of oxide 
^rmed whose viscosity would aflfect the free motion of the iilatiuum 
The constant of this ia las megohms per millimeter deflection; 
a tlil« however does not comi>ai'o with thfl best Thomson, whose 
JDOKtants are as high aH 15.0011 to i(I.on(] megohms per millimeter. 
"bou zero methoils alone are user! the magnets may bo olectromag- 
I and the field thereby increased considerably, increasing the 
jure of merit. 

Oiii^ mofi ifications. — It is made also in the form of a differential 

Uvanometer. the coil being wound double, and the suspension being 

iifllarboth at top and bottom. The difficulty in any differential gai- 

^nnomuter is to have the action of the two coils absolutely the same, 

3 that if the same current be ]iassed through both, in series but in 

jipositw directions, there nhould be no deflection; the difference found 

L one of tlieso was only one seven-hundredth, which is exceedingly 

For absolutu proportionality to the current in any of these 

KlvaDometers the upper suspension is so arranged that it can I>e 

onwd so as to bi-ing the coil back to zero for every deflection. The 

igles of torsion are then absolutely jiroportional. When it is de- 

i to have several spixils of a different uumberof turns anddiffer- 

nt constants for tlie same galvanometer they are arranged with each 

a on its own standard, so that all that is necessary is to change the 

pIlDle standard, which requires but a moment, the connections being 

e by the act of fastening the standard. The sensitiveness may 

EUo bo changed by raising, more or less, the whole standard with its 

mil. thereby bringing leas of the coil into the field. In a form used 

lor measHring heat, the coil itself is a single, short-circuited, thermal 

oaplu suspended on a cocoon fiber. The heat to be measured is 

1 upon one junction, the other being covered by the mirror. 

e TOUple is held in direction by a small piece of iron wire fastened 

(fit. 

i CT(H*de/o/vn, — The above were all made and exhibited byCarpen- 
A few other makeis iiJso exhibited this form, among which 
Mie exhibileil by F, A. Claude (French section) as a relay for a 
ticular system of telegraphy in which the relay must operate for 
lely differinif currents. The single magnet was flat; the coil was 
KfU^Hng, in the plane of the magnet and revolving on its diameter. 
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wliicli was ijeri>eniliciiliir to the lines of force. Afixed, flat, circular 
tli^k of iron inside of tlii^ coil increased the intensity of the field; the 
■whole formed it very compat^t and simple apparatus. 

Deprez ijalvnmmulei: — Another very simple and convenient gal- 
vanometer also exhibited Ity Cai-i)entier was tliat known as the 
Deprez or the ' ' fish bone "' galvanometer. It consists of a magnet, 
as seen in Fig. 44, a fixed coil in the same plane with it. and a small 
flat i^ioco of soft iron pivoted so us io turn on its axis inside of the 
coil and between the magnets. This iron is usually cut on its outer 
edges, resi'mblinfj somewliat the backbone tif a fish, fi-om which its 
name. When a current passes through tlie coil the field pi-oduced, 
being }wriiemlicular to that of the magnets, changes the direction of 
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the re.-iultant lines of f.ini-, mul thi^-eliy ilert(V.-ts the iron piece. Its 
advantages arelliat it is £H>rtiiliIcand ex(ii'dingly simple; the deflat- 
ing forces are comiiaratively greitt, its jution being therefore quick 
and decided. The deflections are, hnwi-vcr, not itt all proportional. 
It is jiai-ticularly ajiplicablc when a decidtd ami ilefinite deflertion 
is ret{uin^l. as. for instance, in a maximum iinrl minimnm volt indi- 
Cfitnr exhibitiil, in whicli a pointi-r attaclictl to ihe iron piet-e moved 
betwewi two platinum contm-t pnints quite close togi-ther, so that if 
the dcfli-ction chaiig.-s one or tin- otli.-r of thesi- contacts would bw 
closed, ringing an ahirm. Tlic defle<-liiin isojjposed by an adjustable 
torsional sjiring. by whiih it can In- set tn thi- rcijuired number of 
vylta. Its accuracy is said to bf within 1 ncr cent. Another form 
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nf tin* galvaimiiiftter oxhibitwi is uyej by the municipal authorities 
1 Paris lo tfst the loakaKB from the incandoHcent mains. It is port- 
ible and cunvenioritly arranged in a flowed box, with a small rnad- 
5 telvscope having tho scale in the inside. 

n'iedemitiin tiali'nuonietf.r. — Branville exhibited a/^alvanoniyterof 
liQ Wiedemann type, devisi?<l by d'Arsoiival. the most important 
tovplty of which ia tlmt tho iif^iille witli ils mirror, copptir damper, 
ind suspension are »I1 in one tubular pit-ce, which can be readily re- 
lovwittiid Ilienee<lloor suspenj-ion exumined without any alteration 
1 the atljustmentH of the galvanometer. 

Heat gaivanmneter. — Edison exhibited a deadbeat gidvannmoUtr 
Hilar in principle to the wfjll-knowu Cardew vollmettir, imd which 
\ ia claimtid antiihvtes the latter, 
Uving llHson invented in 1880, It 
iif » long fine platinntu- 
Eidhim wire, one luid of which \» 
wared and the ntlier is wunnd 
wund a hinall shaft, which then'- ^ 
! rotates ai* the wire oxpinidH 
I ountracls by the lieat of tli.^ 
brront passed through tho «r 
I spiral spring opposes the ]i 
tiiovfire. and a mirror ou il 
*ft indicates the deflections by 
sofa spot of light; the whole 
ftilicloRed in a gla-is tulie thmngh 
Irhich the UrminKls are fused 
1 from which the iiir lias been 
kbausted. «,.«.-Pooi«g»i« 

f Pocket j^rt/iKUMHnc/d-.— Messrs. Woodhousc & Rawson (French sec- 
Ion) exhibited a very convenient form of pocket galvanometer hav- 
f the external appearance of a watch, as shown in Fig. 45, which 
■plains itself. Thu needle is balanceil and pivoted with two pivots, 
and the lield is doubtless an artiAcial one of a permanent magnet. 
I AccesaorUs: seal*'. — Among the accessories appertaining to galva- 
l&meters were a few exhibited by Carpentier, which are of interest. 
I The scale almost universally used with all his reflecting galva- 
lOmeters, shown in Fig. i<), ia of tninslucent celluloid, supported on 
nextension st^nd with a wtdghte<l base. It is always graduated in 
ullimeters, iind in iismdly 50 centimeters long, with the zero at ono 
pd, instead of in the middle as usual with tlie English Thomson 
Wtruments. This single-scale system enables readings to be taken 
r the whole length of the scale, and also enables all deflections to 
B right or loft to be taken without setting to zero every time, tho 
■bteaction necessary in this case being often less troublesome thaa 
tting for zero in a double scale. If the samedeflection is to be t«kea 
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mt; tliiH Ijfiam of Uyht is seen on tlie scale iu the furm of a htrge, 
bright, eqiini-e, spot, and can thei-pfore hn round or followed qiiile 
ladUy. The slmrp, black line through fhe wntor enables the read- 
ing to be takt'u with pieoiBion. A huup light, and even a dark 
Ktiu. thoujfh [iryferahle, are not nect'sasry. as thi- light from a win- 
How, roflwted by the mirror, is sufficiently bright to enable the spot 
br light to bo aeun evun if tlia room is not darkened. The complete 
dvanometer ontfit in its wmplicity is seen in Fig. +7. As a source 
Jb( light, thft spring candleatiek shown, with a flame fixed in posi- 
Ktoit niirl snrroundi'd by a proper reflector, ia au exoelient substitute 
■nrthc objectionablo lamp. The brass plateuiiderlhe galvanometer, 
with three radial grooves, enables the galvanometer to be insulated 
bud cushioned with rubber, while its position is determiued by the 
■ovoa, so that it can always be put back iuto exactly the same 
bositiou aftei- having bt«n removed. 

In the Mudford modilication of tlie scale exhibited by Patterson 
ind Cooper, in the British section, the cross wire is placed between 
ihe condensing lens and the galvanometer, so as not to be magnified 
by this lens. This is claimed to give a much sharper and finer image 
bf this line on the scale than if the wire were placed on the other 
pdv of the lens. 

. JCovel desk, outfit. — A somewliat novel disposition was shown, but 
B (ail to see its advantage except to save space and to protect the 
lalvanometer. The galvanometer is place<l in the bottom of the 
iMbte or desk, the beam of light being reflected upward by means of 
t wfleotiug prism. The scale lies flat on tln> desk over the galva- 
Jiom^er, and a long, narrow mirror at an angle of 45" over it makes 
Bt appear to be upright, so that it is seen just as usual. 

Portable oidfii. — In another form, a very convenient and compact 
•ortable outfit, the galvanometer is in a box through one side of 
|rbich a small reading telescope is introduced close to the mirror, 
laviog a mici-oscopic scale of 130 divisions in the inside near ihe 
ipiec^, which is magnified ao as to be almost as large as a milli- 
ter scale. An adjustable window, with a cross hair on the neigh- 
lOllng side of the box, and a small adjustable reflector of white 
«per, illuminates the whole field of the telescope and shows a black 
> which can be sharply focused by the telescope. 

ELECTRO-DYNAMOMETERS. 

Qenertd. — Electro-dynamometers, which measure the relati ve force 

jtween two currents, have lately comg into use largely in meters 

n>r measuring and registering the quantity of electric energy sup- 

tlied to a purchaser. The electi-o-dynamometer is userl in these 

letera in order to take iuto account l>oth the volt.i and the amperes 

BJBlivered, by indicating or measuring their product — that is. the 

ts, for wliich reason they are often, and correctly, called "wait 
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meters." For a description of those used in meters, see under the 
heading ''Meters." 

Tliomson halances. — The Thomson electric balances, which are also 
electro-dynamometers, were not exhibited, but they will be men- 
tioned under the heading ** Ampere meters." 

For telephone currenis. — The French Telephone Company exhib- 
ited a small electro-dynamometer for measuring the very small cur- 
rents in a telephone. It consisted of two small, vertical, circular 
coils of tJiree-f ourths of an inch diameter, one was fixed and the 
other was movable, being attached to the end of a small horizontal 
lever of IV inches length, which was suspended by a single cocoon 
fiber so as to turn about this as an axis. Contacts to and from it 
were made by wires dipping into mercury. The torsional force of 
the fiber opposed the repelling force of the two coils and thereby 
indicated the strength of the current. 

ELECTROMETERS. 

Omeral, — Electrometers appear to l^e coming into use gradually, 
in practice, as distinguished from scientific rt^search. Their un- 
doubted superiority in certain si)ecial cases is l>eing ai^preciated 
more and more, as, for instance, for alternating potentials, for very 
high potentials, or for measuring potentials without causing a cur- 
rent to flow. The direction <.>f improvement has therefore been to 
construct them in as i)rax-tical form as possible, rather than to try 
to improve the general principle of their action, which latter has 
remained absolutely the same cas Thomson's original suggestion, 
namely, the lateral atti'acti<.)n of two electrified j)lates to a third 
one, moving between them and electrified oppositely. They are 
alrejwly used in a very simple form as commercial voltmeters for 
high potentials above 5()0 volts, such as in arc-light circuits. 

Cdi'pentier.s fortn, — One of the most important improvements 
sluiwn wa^ in the form exhi])ited by Carpentier. The directing and 
deflecting forces in an el<»ctrometer being necessarily very small, the 
needle in the usual forms will oscillate very slowly and for a long 
time, which is very ohjei'tionablo and often prohibits the use of the 
instrument. The object of the present construction is to overcome 
this and to make it aperiodic. This is done by developing an intense 
magnet ir field in the space through which the movable part oscillates. 
This develops Foucault currents in the moving parts, which oppose 
ami check its movement without in the slightest way affc^cting 
the deflection. The f<»rm of the instrument is seen in Fig. 48, and 
resembles sr)mewhat in external appearance the Dt^prez-d'Arsonval 
galvanometer <lescrihed above (Fig. 4'^'). The tOectrified quadrants 
of the electrometer are made in the form of n cylinder, split longi- 
tudinally in*o four parts, a form adopted a number of years ago by 
Edelmann, of Munich. A similar split cylinder is in the inside and 
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■centric with it. Thu mnvnble pjirl is in the form of a light rec- 

m^lsr metallic frame, like a shaJhiw Itox wiihoiit top or bottom, 

s u««ally matieof alunii- 

It is rtiiHj^it'iHie)! by tor- 

1 vrires, us wen. so that it 

revolve, its long alidos 

■viug thi-ough tlu' ftuiiular 

tee Iwtwwn tbeqiiatlrants. 

) qua(lr»Liits mill movaljli' 

me areeluctrilifil, a« usual, 

Jier by the potential wliidi 

be measured or by mean.s 
A high potential ballery in 

jfllUoii. In the fnrnicr thf- 
Bectioneare proportimial to 

1 «quare uf tbo potential; 
h}m latt«r they arc simply 
toportional tu the potenlial. 

e torsion of the susjieiision 
! the opposing force; th-^ 
^neta are merely for inak- 
5 the raovenii-nt aperioiliiv 
I hftVB no itthor fuuctinn: 
■ thereforu »lo not affei r 
$ coQStant. The most <k']i 

form is Baiii f o givn u ~ " ' ~ 

tion of 3 mUlimett-ra for '"' **" -C»ri-iil*Ir>s q,»d™t el«:.ron,r„.r. 

bolt with a lfH)-volt charging battery, and 25 centimeters for 70 voHb 

iUont a charging battery. The same form, except that the cylinder 

korizoutal wnd the couiiterforce gravity, is made i" the form of a 

^meter, which see under that heading. Tliese are made up to 

volts. 

Uascart's form. — Another electiometer, exhibited by Carpentier. 

1 one devised by Mancart. It is iu general like the well-known 

Ubmson quadrant electrometer, but is modifled in details of con- 

rtion so as to bring it into a tnoi-e practical form. It is princi- 

Dy for laboratory purposes, and is nseil chiefly for measuring 

ipherio electri6c»tion. 

fultot it Cnrif! form. — Another form of some interest is that 

tised by MeasrH. Blundlot & Cnrie, and exhibited by I>nrretet 

mch Beotion). It is somewhat like the Thomson form, except 

itit htis only two sets of "quadrants," instead of four, iu this case 

f the fonn of two semicircles. The '"figun^i*" needle is replace*! 

vartmnd, light disk of aluminum, also cut into two semicircles. 

I moving between the upper and lower plates uf the semicircles, 

9 fixed semicircles are magnets, so as to act at the same time as 
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dampers, to make the motion aperiodic. The central moving plat^e 
Ls suspended by long torsion wires, one-fiftieth millimeter in diame- 
ter, as in the Carpentier form, acting also as leads. It may be used 
with or witliout a charging battery. In the former case the two 
halves of the moving part are connected to the charging battery and 
the others to the unknown i)otential: in the latter case the semicir- 
cles are connected in pairs. For further description, see La Lumi&re 
Electrique, October ;2:3, 1880. 

Lippmann capillar f/ form, — Brt^uet and Ducretet both exhibited 
the Li])pmann capilhiry electrometer, which appeal's to be coming 
into use gradually. It is limited in its application, but is a very 
good instrument in its field ; that is, to measure potentials le&s than 
one volt down to one ten-thousandths of a volt. Its principle is that 
the surface of contact ])etween mercury and acidulated water in a 
capillary tube will change its place in the tube when the two liquids 
are electrified. Readings are made with a microscope. It is prompt 
and aperiodic, and is said to be used in anatomical researches to 
mccvsure the variation of electrification accompanying muscular con- 
tractions. It is used in electrical laboratories for standardizing by 
certain methods in which only verv small differences between two 
potential measurements are to be detected or measured. For a 
further description, see Trait(5 d'flectricit6. Vol. 2, by Mascart. 

Voltmeters, — For electrometers which are arranged as commercial 
voltmeters, see under that heading. 

RESISTANCE BOXES. 

General, — Resistance boxes were exhibited by many makers, but 
the finest were uncpiestionably those of Elliott Brothers, of London, 
and of Carpentier, of Paris. With the exception of the improve- 
mcnits noted l)elow, there was little to be described. Legal ohms are 
adopted universally l>y French makers, while English makers still 
us«' the B. A. unit largely, though all Elliott coils are made for either, 
fierman-silvrr wire is still used almost entirely for the French coils, 
while the Elliott coils are made largely of platinum silver alloy, 
which has a lower temijeratun* coefiicient. 

Dirisiofi of ntils. — i.hw of the i)rincipal modifications which aj)- 
j)ears to ])r coming into use and replacing the older form is shown 
in the Elliott box. Fig. V,K 

Th(^ ('oils ai-e arranged in groups, each <')f ten equal coils, one 
group of units, one of tens, etc. This very greatly facilitates plug- 
ging and avoids errors in rea<lings: it lias tlie additional feature that 
the number of plug contacts (four in this box), and therefore their 
resistance, is always the same, which is not the case in the old 
form, in which the number varies with every resistance unpluggeil. 
On theother hand, it increases l)oth the size and the ])rice of the box, 
as there must necessarily be twt> and a half times as many coils (as 



__a IK to four) for llie aam« raiigu uf r*«isl.iiice. In unotluT Iwx "t 
feltiott. Fig. SO. th« a'l.tiistimi is evwii moro conv<?iiient and riipid. I>y 
s of tiio loverK and sliiling contacts shuwn. 




liu. W— Itesisuuim Ikix wflli fill 

f ThBBf .■'jiiLiictH a,ri> SI. ari-iiiii;..'.! thiit tli..- 
at coil bofiiix- they letivo tiif previous oi 



n\lM.-t witli 111 
i.it lo oijeii 111 




lUit; one involution ou one box corresiKj 
at. Br^guft exliibited one siuiiUr to thi(j 



o one step un tlie 
ith tlie additional 
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feature that every complete revolution of the right-haml lever will 
move the left-hand oDe forward one steiJ. In tlie Oarpeiitier \>ox. 
Fig. 51. the same arrangement aa in Fig. M. is modifieil b<> aa U> 
have four gmiips. iiamclj'. units, tens, huudreile, and thouaundft, ut 
ten each, arranged in f'lur .s<?m I circles, and with four li-vurs; thid is 
not quite as convenient, but is much more comimct. aj* llinri? ar«oal7 




forty coils, wliiln in the (tther. Fig, 5t), there lire two hundred for the 
same range and degree of adjustment. All these art" less reliable 
ajiii accurate for very exact work. 

A somewhat similar hut much more compact form, made by EllioM, 
is shown in Fig. 52. and is O-wl exclusively for telegraph work, 
chiefly for balancing a duples system. Edisi.n exhibit<fli one for Jk 




similar pur|"><-' rniisistiiii: i.>t disks nt svlk. •i,iliirate'l witha i 
mi.\ed with plumbago, which after being dried are placed over a 
another forming a pile which is compressed by a screw with a i 
\ided hetnl, 

Plug heads of the form shown in Fig. 58 have ri*placed thooldl 
ciigo form altogt'thor in the Carpoutior tioxe»<. They aw miwli iw 
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convenient, and do not break like the old form, wliicli is very weak in 
the middle; they have the additional advantage that in plugging, 
in a compact box, one is not so apt to loosen the neighboring i)lugs 
by accidental pressure from the fingers. Another improvement no- 
ticed was that the boxes were sometimes accompanied by plugs fitted 
with a binding screw at the top, to enable a wire to be connected to 
any special one of the coils. 

Legal ohms, — Carpentier (who is the maker of the Frencli national 
standard ohm) exhibited standard ohms in various forms, including 
mercury ohms in glass tubes. In connection with standard ohms he 
exhibited also a large, massive Wheatstone bridge for comijarison 
of standard ohms. 

Artificial lines, — Latimer Clark, Muirhead & Co. exhibited their 
combined resistance coils and condensers, the object of which is to 
make adjustable artificial lines, having both capacity and resistance 
combined in proportion to their length. They are made of strips 
of tin foil which are so i)roportioned in size and so wound that they 
have both capacity and resistance in the same ratio as the lines with 
which they are to be used. The transatlantic cables are duplexed 
with these artificial lines. 

AMPEREMETERS AND VOLTMETERS. 

a 
f 

The number of different systems of amperemeters and voltmeters 
exhibited was about as great as tlie number of electric lighting com- 
panies and instrument makers combined; each one had his own sys- 
tem. Most of them appeared tu be sufficiently good as ordinary 
commercial apparatus, the purpose for which they were intcndcnl, 
but few deserved to be ranke<l among reliable and accurate measur- 
ing instruments. The underlying ])rinciple of most of them was the 
electro-magnetic action of the current tlirough a coil of wire on a 
I)iece of iron oi- on a magnet. A few of the more imj^ortant ones 
will be mentionrMl Ix.'low. Tlie only ones differing nKlically were 
the Lii)pmann uiercury amptVemeter, the Cardew voltmeter, and the 
Edison volt indicator, which is on the principle of a Wheatstone 
bridge, and the volt meters on the electrometer ])rinciple. The in- 
troduction oi the latter, in a practical form, was the most imi)or- 
tant improvement in voltmeters. The most important amperemeter 
for accuracy, reliability, and constancy is uiu[uestionably the Tliom- 
son balance, wliich was not exhibit<»(l. Almost the same nniv bo 
said of the W(»ston vtiltnieter, wliieh was not exhibited either. All 
Imt direet rea<ling instruments siM/m t«» have gone out of use. 

Dfjtrf'Z'Carpf nfif.r, — Among the ordinary commercial forms not 
differing essentially in their general printuple may be mentioned the 
following: The one meeting with most general favor, judging from 
the fre<juency with wliich one sees it used in France, is the form 
known as the Depn^z-Carpentier, and exhibited V)y Carpentier. It 
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is merely a sort of galvanometer witli an artificial field; that is, it 
consists of a soft iron pivoted needle under the combined action of 
a magnet and coil, placed with its axis slightly inclined to the usual 
position perpendicular to the field, to obtain a better deflection. 
They are arranged in a noat, convenient form, and are compara- 
tively cheap, costing only $10. The amperemeters may be sui)pliod 
with conveniently arranged ** reducers " (that is, sliunts), which in- 
crease in a fixed i>ro])ortion the vahie of the readings. Simihirly 
the voltmeters may be supplied witli an extra resistance (in series) 
to increase tlio value of their readings. 

Desvuelles. — In the form exliibited by Desruelles tlie needle is in 
tlio form of a small flat piece of soft iron pivoted so as to move like 
a weather vane or a flag against the action of a spring. It moves in 
a cylindrical space in a coil, which is lint^d with a thin sheet of soft 
iron in the shape of an isosceles triangle bent around so that its apex 
almost meets the base. The attraction of the needle to the con- 
stantly increasing amount of iron opposite to the end of it gives a 
nearly propoiliional deflection through almost 180 degrec^s. They 
are of interest on acccmnt of their cheapness. 

PaffpTson and Cooper, — Among the exhibits of Patterson and 
Cooper were the well known original Ayrton and Perry voltmeters 
and ammeters, which are merely galvanometers with an artificial field 
and a doul)le-i)i voted needle; one form of these is arranged witli a 
commutator attachment so that it can be recalibrated with a standard 
cell. They also exhibited an amperemeter or "engine-room indica- 
tor'' for large currents,consisting merely of a small magnetic needle 
pivoted on horizontal pivots and weighted so as to give it a directi<m 
j)arallel and quite near to a thick bar of copper through which the 
current flows; the direct action of this current deflects the needle 
against the action of gravity; the counterweight is mljustable, en- 
abling the rea<lings to be varied; in another form it is re])laced by a 
spring. One of these was shown a*; a registering instrument, chiefly 
for central-station work. The same makers also exhibited a small 
pockt»t voltmt^ter of the j)ermanent magnet type, having the outside 
appearance and size of a j»ocket watch and weighing G ounces. 

CtinUic, — The same makers exhibited the well-known Cardew volt- 
meters, in which the heating of a stretched wire by the current 
measures the current. They are too well known to require descrip- 
tion heiH^ In the later f<n'm the fine, stretched i>latinum silver 
wire of .(K)'^5 inch diameter is h(»ated by the current for many days 
before calibration, to insure its remaining constant. The wire is 
])rotected by ii very fine platinum wire fuse. They are usually made 
for I'^O volts, reading through 360 degrees of the dial, and are one ot 
the few voltmeters which are applicable alike for continuous and 
ft»r alternating currents, and which can be left in circuit contin- 
uously. 



' Ayjion nn<l Perry spring inslrumenfs, — Messrs. Latimer, Clnrk. 

Atiiirhead & Co. exhibited the well-kiiowu Ayrtrin and Perry spring 

iistriimeiitB, in which th© underiyinj;; principle is that a amnll iixini 

I III iif n solenoid on a special form of spring will result in agreatly 

■ rrcA&ed rotary nuitioii of tho end of Uiis spring. The spring am- 

. -ts of H helix iimde nf » flat band i>f steel rollwi nroimd a Imig 

ylindiT. 

Ahafh, — Messrs. AJioth & Co. {Swiss section) exhibited ampere 

!:d volt mt'ters, in which a curved core wbiH sucked into a curved 

iienoid. The construction in quite similar in principle to the 

^jacket anip&renieter describeil and illustrated below. The core is 

^tbu form of a thin sheet of iron cut into a form like half of a new 

•on, pivoted at its center and connected directly to its pointer, 

ich (rnnbles a deflw^tion of moro than 18(1 dei^reea to bi? used. 




M ampere niftfi; — Messrs. Woo<ihoiiso & Rawson (French see- 
ill) exhibited a very convenient form of pocket anip&remeter, hav- 
g tha external appearance of a pocket watch, as Been in the adjoiu- 
J illaistrations, Figs. 5+ and 55, which show the face and the in- 
^al mechanism respectivtdy. In principle it is the same hk the 
Vi& form just describi'd, the pivoted, crescent-shaped coro at- 

H. Ex. 410— VOL IV 14 
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taclied to tlie pointer being drawn into a curved coil, the counter 
action being a hair spring. Although probably not very accurate, 
it is very convenient, and will doubtless meet with favor for certain 
classes of work. It may, of course, be made equally well as a volt- 
meter. 

Edison, — Edison exhibited a form similar in principle, but used 
chiefly for very great currents. The core is a round iron rod bent 
around in the form of a quadrant of a circle, and is pivoted on hor- 
izontal pivots at the center of this circle and counterbalanced by a 
weight. The fixed coil consists of a very coarse spiral of a few 
turns of thick, bare copper wire, also bent around in the form of 
a quadrant, so that the curved core moves axially through it. Its 
construction is certainly very simple, and for strong currents is prob- 
ably very good. 

De Lakifide, — Carpentier exhibited also a very simple form devised 
by Lalande and called an electric hydrometer, consisting of a long 
vertical solenoid filled in the interior with water, in which sinks an 
ordinary hydrometer, in the inside of which is a bundle of iron 
wires ; this acts as the movable core which is sucked down against 
the buoyant action of the water, which replaces the spring used in 
the similar well-known Kohlrausch instruments. The range is 
quite large and nearly proportional in the portion most frequently 
used. The guide for this hydrometer, to prevent its attaching itself 
to the side of the coil, is under the liquid, whereby the friction is 
said to be eliminated. It is claimed to be nearly aperiodic (dead 
beat). 

TIiomson-Hoitsfon form, — In the one usually used by the Thomson- 
Houston Company (United States section) a small JJ-shaped piece of 
soft iron is x^ivoted near the center of a coil having a square cross 
section, three sides of which section are embraced by the soft iron 
piece. The tendency of the coil is to draw this piece closer to it, 
which it is enabled to do through a great range by the fact that the 
iron piece is ])ivoted eccentrically. The counter force is gravity. 
In the amperemeters for great currents this coil is a circular piece 
of cast copper cut at one part and provided there with terminals. 

Tlioiiisons form for alternating currents, — A curious form devised 
by Elihu Thomson, for alternating currents, consists of a solid ring 
of copper situated in a coil, slightly inclined to it and capable of 
turning on the common diameter. The currents induced in this 
ring tend to move the ring into a position perpendicular to the coil. 
Gravity is the counter force. It is probably only experimental. 

Electrometer form, — One of the most important improvements is 
the api)lication of the electrometer principle to commercial voltme- 
ters. One of these, made by Carpentier, is shown in Figs. 5»> and 57. 
The movable part, shown enlarged in Fig. 57, is made in the form 
of a light rectangular frame of aluminum, rocking on knife edges 
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i-the interior: it rotates so that its long sides move between the 
cylindrical segments, four inside and four outside. The four 
a vertical diameter are connected together as well us tii ihti needio 
I form one pole; the four others form the other pole. When in 
n. the needle is repelleil by the former ami attracted by the 
tcr, the con ntflr force being gravity. The function of the horso- 
) magnets shown is nierply to create an intense field through 
h the ahiminum frame moves and by which its motion is dnnni- 
ao that it is practirally aperiodic. It is limited, however, to 
1 voltages, from SOo up. Elliott ivnd Bn^guet also exhibited com- 
trciul voltmeters on thia electrometer principle, resembling more 
irly the Thomson electrometer, but with its axis horizontal and a 




f jKMnter attached to its "figure 8" needle: these, however, are 
^aperiodic, which is au important objection, as they oscillate a 
5 time. Those of Elliott are made for as low a voltage as 4o. the 
B of this one being 40 to HW. The advantages of such voltme- 
S Are that their constant is flxeil and does not change, that they 
f be kept in circuit continually, are independent of temperature, 
» equally applicable for alternating and for continuous cnr- 

~Tlif'mson siandnrd balances. — The Sir William Thomson standard 
:iini>i''rebalanceswere nut exhibited. They are, however, of too great 
importance to he passed by here without a short description. Tlie 
' «)t of the instrument is to measure current by devices wliich re- 
ftltsolutely constant, which are entirely independent of any sur- 
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rounding or variable conditions, and which are transportable. It is, 
in fact, a transportable standard amperemeter, and belongs to the 
same class of instruments as the standard ohm, the standard cell, and 
the absolute electrometer. The principle is that the attraction of 
the current to itself is measured by being balanced by a weight. The 
apparatus consists in general of a pair of balances having two flat 
coils in place of the scale pans. Immediately below each of these 
there is a fixed coil, axial with the one above. The current passes 
through all in series in such a direction that two of the coils repel 
each other and the other two attract, thereby turning the balance. 
This force is exactly counterbalanced by an adjustable weight slid- 
ing on the beam; its position measures this force and therefore the 
exact current. Their chief commercial use is to serve as a standard 
in calibrating (by means of a standard resistance) the ampere and 
volt meters of commerce. They are not intended to replace these. 
In the newest forms, the range of each instrument is 100 times the 
smallest unit. The smallest is for 0.01 to 1 ampere and the largest 
from 25 to 2,500 ampferes. Their prices are about $160. 

Converter-voltmeter. — Elihu Thomson also exhibited an experi- 
mental electrometer voltmeter for low potentials, in which the elec- 
trometer was connected to the secondary circuit of a small trans- 
former in which the low potential was converted into one sufficiently 
high to be measured by tlie electrometer. This is for alternating cur- 
rents. For direct currents tlie transformer was made of a series of 
condensers like those used in the well-known Plantd experiments, 
which are charged in multiple arc and discharged in series by means 
of the usual cylindrical commutator, which is rotated rapidly. 

Edison voltmeter. — The portable voltmeter used and exhibited by 
Edison differs essentially from most others. It is in principle a jx)- 
tentiometer, that is, one in which the difference of potential is com- 
pared with a standanl cell and is measured in terms of that cell, 
which is contained in the voltmeter as part of it. It consists essen- 
tially of a high resistance whose ends are connected to the two points 
whose difference of potential is to be measured. A standard cell in 
series with a small galvanometer is connected, as a shunt to a small 
portion of this resistance, by a sliding contact moved until no current 
flows through the galvanometer. The required voltage is then a cer- 
tain multiple of that of the cell. The graduations at the sliding con- 
tact are so calibrated as to read directly in volts. The standard cell 
is a Daniell, made in the form of a small (J-^Tibe, having the l>end 
filled with plaster of Paris, and the metals with their respective solu- 
tions in the two limbs. The plaster acts as a porous diaphragm and 
prevents the mixing of the solutions for three or four months. It is 
air-tight and cheap and is replaced by a new one when used up. 
They are also made with Clark cells, which appear to be better. The 
same apparatus is arrange*! to enable currents or high insulations to 
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I measured Mitli it. Their ataudards for calibrating all llieir in- 
bmenta are the Daniell aud tbc> Latimer Clark uells (1.4^5 legal 
_^ B at Ifi" C.) and the legal ulim. 
' Sdiaon vdl imUvahr. — Thu Edison v«lt indicator differs also in 
vnnciple from tlie usual iiistrumeuts, the principle heing that tlie 
i">1(tntial is measured by the chauge of resiatancoof tlie carbon fila- 
N"-nt of a lamp through which the current passes. It is usoil in 
Nuiitiplo arc distribution merely to indicate the normal potential and 
■. I'l'w volts on either side of it. 

It. belongs to the class of "zero" instruments, and consists, essen- 
lially, of a sort of Wheatstone bridge, as shown in the adjoining 
illustration, Fig. 58. in whitdi an incandescent lamp forms one of the 
lirma of the bridge, the three 
■ither arms being ordinary 
r.'3istaiicc coils. The usnal 
batt+^ryisreitlaced by the leads 
i\\ which the potential is to be 
measured, A small galva- 
nometer with an artificial field 
I -o a8 to be independent of the 
• ;irlh'e magnetism) is con- 
; Alined in the apparatus and 
has a long pointer with a black *" 

disk on its end moving over the scale, 
even at a distance. 

The system is so arrange*! that at the normal voltage it is balanceil 
Mid the galvanometer points to zero, which is marked as the normal 
! I" iiential. If the voltage clianges. the current through this lamp 
■.'-ill change, which in turn changes its resistance correspondingly, 
alters I he balance of the bridge, and deflects the galvanometer needle. 
By this means a change of one volt from the normal may be made 
til di'flect the end of the needle half aJi inch, which can therefore be 
-1 ■■n at a comparatively great distance. A small adjustable resist- 
uce is added so that the instrument may be adjusted to any desired 

■ < Itage as a normal. It is to be kept in circuit all the time, one of 
1l>-' resistances being made partly of German silver and partly of 
' pper so proportioned that as they heat up the balance is still main- 

"lineil. An objection lo these instniments is, that the current re- 
I iiirtMl by them is great enough to be affected by the resistance of 

■ i I'- pi-e(«ure wires leading back f njm the points of distribution. 

Crmijioumi ro^/fffc/er.— Messrs. Cuenod Sautter & Co. (Swiss sec- 
tiiin) exhibited an ingenious voltmeter of some interest, for the fol- 
hiwing special jmrpose : In multiple-arc distribution in which 
iiiikins are leil to a central point of distribution it is desired to meas- 
ure, in the station, the potential at this distant point, thus eliminat- 
ing the variable loss of potential in the mains. This is usually done 




1 that it is readily visible 
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by running small potential wires from tliis point back to the station. 
These involve no insignificant first cost and cost of maintenance. 

The object of this voltmeter is to dispense with these, enabling the 
desired potential at the far ends of the mains to be read directly from 
their dynamo ends. It consists of an ordinary voltmeter which has 
in addition a coarse coil for the main current, the magnetism of which 
opposes that of the fine wire coil and reduces the deflection by an 
amount which corresponds to the number of volts lost in those mains. 
As the magnetism of this coarse coil is proportional to the current 
the deflection will be reduced correspondingly for any current in the 
mains. It must, of course, be adjusted for the particular mains for 
which it is to be used, and it can not be used for any others. 

Lippmann amperemeter. — The amperemeter of Lippmann, some- 
times called the "mercury amperemeter," exhibited by Br^guet, dif- 
fers entirely in principle from the ordinary amperemeters, and has 
some very good features. Although made in a commercial form, it 
will hardly replace the ordinary cheaper amperemeters, but^for spe- 
cial cases it has very great advantages. The scale is absolutely propor- 
tional, there is no heating error for large currents, and it is aperiodic. 

The principle is that a conductor traversed by a current and situated 
in a magnetic field, normally to the lines of force, will be moved in a 
direction parallel to itself and perpendicular to the lines of force, and 
with a force proportional to the product of the current and the inten- 
sity of the field. In so far it is similar in principle to the wires on an 
armature of an ordinary motor. The application of the principle, how- 
ever, is quite different. A (J-shaped tube partially filled withmercury 
is i>laced with the bottom part of the bend between the two poles of a 
powerful horizontal magnet, the field of which is perpendicular to 
the column of mercury in that part of the tube. The current is then 
made to pass transversely through this portion of the mercury 
column — that is, across the column, perpendicularly to both the 
field and the axis of the horizontal column at this point. The 
repelling force of the current will then cause the mercury to be dis- 
placed in the direction of its axis, making it rise in one arm of the 
tube and fall in the other. This rise or fall will be directly propor- 
tional to the current throughout the whole range, which latter is 
limited only by the heating of the small section of mercury, through 
which the current passes, and which, in practice, is made in the shape 
of a small parallelopipedal space bounded on two sides by the poles 
of the magnet and on the other two by the platinum contact plates 
for the current. 

If the strength of this field is known the displacement per ampere 
can be calculated and the instrument thereby (calibrated. This dis- 
placement in centimeters is equal to the product of the current in 
amperes, and the field intensity in c. g. s. units, divided by 133,416 
times tlie thickness in centimeters of that part of the mercury col- 



ELECTRlCmr. 



215 



pn whicli U between the magnet poleH, nipfisureil in the dir^aclion 

I ihf ]iBf "f fiirce, ll is iiidepuniient of all ether fiictory mul di- 
ixioiis. With It thii'knt^ss uf oue-ti'iith of n iiiilliriieter Iho grcat- 

i senBitivi-ness produced weis H centiniftt?rs pi-r tvmijtie, the tield 
5 18,078 units. Ordinarily tlie s«nsitiveneB3 is from H to 13 cen- 

neters per ampf-re. Others have been made to rea^l up to l.iXM 

npferea. the permanent nmgnetif being replaced by an electro- 

' ^net. 
\MajrimiiiH ninl minhnuiii folhnfler. — For a maximum Mnd mini- 

tata voltmeter, see Deprez galvanometer, nuder the hf-ading '■ Oal- 

fliometers." 
WReconlirig ampere and voH niftfrn. — Kichani Fr&res (French sec- 
pn, gold medal) exhibited a nuralwr i)£ their registering ampf're 
bd volt meters, which api>ear to bo coming into una quite largt-ly. 

tey are very convenient and unite simple in const ructiun; though 

i very accurate, they are suHiciently bo for iiiany purposes and 

tey will doubtless find great application, A registering ampi-re- 

leter for strong rurri.'nta is shown iu the adjoining illustration, 
hg. 60. 




EThe galvanometi-r part is of somewhat crude construction; the 

j-winged. st>ft imn armature, sliaped somewhat like a butterfly, 

■pivoted on Uurizontal pivots and is connected to the pointer; it is 

iftbapotl ami bent tliat the deflection is as neaidy as iKissible propor- 

Wl within the greater part of the range of motion; gi'avity is the 

ftpcmiiig force. The end of the poiut-er carries the ink in a small 

wptscle, the jjoint of which acts aaapen. The revolving cylinder 

'jib its ckfck and turns once iu twenty-four hours, the pa]ter for 

iil([ printed with the re(inire<l cur\'ed ci'oss hatchings and duly 
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numbered with hours and ampferes. It is not necessary that the 
galvanometer needle be moved with great force, as the fact that the 
paper moves enables the pointer to overcome the friction at the pen, 
even though the force is small, only it will not act as promptly. The 
same recording drum is used by these makers in many of their me- 
teorological recording instruments, which see for a more complete 
description. 

References. — For a voltmeter and a milliampferemeter, see also 
Deprez d' Arson val galvanometer under tlie heading " Galvanome- 
ters." 

METERS. 

The exhibit of meters, though not as full and complete as might 
be desired, was fairly good, but it can not be said to be even a fair 
representation of the present state of the art. Most of the meters 
were French and were characterized by their complicated construc- 
tion, though some of them are doubtless very good notwithstanding. 
There were two from the United States and one each from England 
and Switzerland. With the exception of the Edison meter, they 
were mostly new, from four to five years back; this branch may, 
therefore, be said to have developed almost entirely within the past 
few years. The majority of the exhibits were simply ampfere-hour 
meters, though many are incorrectly called watt meters, their con- 
stants being determined for a certain potential which is assumed to 
remain constant. 

Among the French meters the electro-dynamometer is used almost 
exclusively as the measuring instrument. Among the rest only few 
novel or interesting points were shown. 

Among the difficulties encountered in designing meters are that, 
for small currents, and often for no current at all, the meters record 
inaccurately; although the current is small yet the time of these 
small currents in most cases covers the greater part of the day; the 
product of the two is, therefore, not always insignificant. The writer 
has noticed one of the best meters exhibited, record current when the 
circuit was open. Another difficulty is in the clock mechanism 
when used. A wound-up spring or weight represents so very little 
energy that it can be used for no work other than to run a pen- 
dulum or escapement; if more is required of it, it either needs to 
be wound up very frequently or else it must be impractically large. 
It is, therefore, often replaced by an electric-motor device, but this 
introduces make-and-break contacts, and it is a question which is 
worse. Although there are at present good meters in the field, yet 
none of them combine all the desired qualities of simplicity, relia- 
bility, accuracy, and cheapness. There is, therefore, much to be 
looked for in this branch. 

In the following description they are divided into watt-hour me- 
ters (true), ampfere-hour meters, and time meters: 
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WATT-HOUK METERS. 

WiCauiieray-Fraiier. — The C'ompagnit^ [jour la fabrication ties comp- 
i (French section, silver medal) exhibited the Caudray-Frager 
, which is perhaps one of the best known and most freqnontly 
1 inciters in France. It is a watt meter, ftir alternate as well as 
ntinuons currents. In detail-s it appears to be altared fi'equcntlj'. 
i deBcriptions and models differ; the general principle, however, 
R about the same. 

i The following dcBcriptioii is that of one of the latest forms: The 
rent and potential are measured by an electro-dynamometer, the 
8 wire, movable coil of German sih-er for the potential, and the 
e coil encircling it for the cuirent. The movable coil is su-sjieaded 
hy a torsion wire ; the true values corresponding to the deflections ai-e 
recorded on a counter every 100 seconds, as will be described. The 
usual clock work for determining the time is here replaced by a sort 
.if electric clock, the object of which is to turn a horizontal disk con- 
tinuously on a vertical axis so that it makes one revolution every 
imndred seconds. This disk is concentric with the shaft of the 
■ 4jwuuter, but is not connected to the same. It has numerous ratchet 
rth around its circumference over which is an arm from the shaft 
B counter: this arm has a catch, and when depressed it engages 
h these teeth and is carried around with the revolving disk ; thus, 
f as this catch is depressed the shaft of the counter is being 
lied with tlie disk, and a corresponding angular movement is 
wrded on the counter. 
[The remaining part of the meter has for its object to depress and 
i down this catch for a length of time corresponding to the tme 
blue of the deflection of the el ectro-ilynamo meter at that momcTit, 
" 8 is accomplished as follows : A portion of the revolving disk is 
d slightly above the rest; this jjortion may, at present, be assumed 
a a sector of the disk, with straight, radial edges; the end of the 
nter of the electro-dynamometer which is free to move, is directly 
I this disk, and its movement when deflected is from tlie 
■ to the circumference of this disk, the former being its zenr 
Btion and the latter the position of greatest deflection : when, in 
J rotation of the disk, the sector passes under the end of the 
pit«r it raises it slightly, and, by a simple .spring lever, depres- 
s catch above mentioned, which locks the disk to the shaft of 
t counter; the turning of the disk is therefore recorded on the 
nter as long as that sector is moving under the pointer, which 
fth of time will evidently depend on whether the pointer is near 
B small end or to the large end of the sector. As soon as the 
a of the sector has pa&sed from beneath the pointer, the latter as 
i m the lock catch are released, and the moving of the counter 
topped ; this takes place once in every revolution of 100 seconds. 
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It was assumed above that this raised sector had straight radial 
edges ; this would be the case approximately if the deflections of the 
pointer were proportional to the watts ; but as this is not the case, 
the sector is made with the outline of one edge curved, the nature 
of the curve being such that the width of the sector at all points is 
proportional to the true value of the watts for the corresponding 
position (deflection) of the pointer. This curved edge therefore 
admits of correcting any error in the proportionality. It therefore 
admits of placing the electro-dynamometer coil at an angle, for its 
zero position, in order to increase its sensitiveness ; the best angle is 
said to be half that of the angular range of deflection allowed. 

The electric clock mentioned above is an important part of the 
meter. It consists essentially of a large, heavy escapement wheel 
and spiral spring, on a vertical shaft, turning alternately to the 
right and left, and beating seconds. The vertical shaft of this 
wheel is a flat bar of iron, which turns on its axis between electro- 
magnets, of which it forms the armatures. Momentary currents in 
these magnets, when properly timed, will turn this iron armature 
and thereby oscillate the escapement wheel. The connections for 
these momentary currents are made by means of a peculiar device, 
which closes a contact only when needed ; that is, when the wheel is 
not making its full oscillations of half a turn. 

The contacts arc double, in multiple arc, one being slightly in ad- 
vance of the other, by which means one of them always remains 
clean, as there are no sparks produced on the one that opens first; 
besides this there is a slight friction produced at each closing of the 
contacts. 

They state that during the past year they have never had a case of 
stoppage due to unclean contacts among 250 meters. 

The following figures given by the makers may be of interest: The 
resistance of the fine-wire bobbin is 2,800 ohms; the temperature 
error is less than 1 per cent for a range of 20° C. The total maxi- 
mum error of the whole meter is said to be 3 per cent, while the 
mean error is about 2 per cent. Below one-tenth of the maximum 
current of the meter the error becomes larger, it being 35 per cent 
for a current equal to one one-hundredth of the maximum. 

The energy consumed by the meter is given as follows : In the 
fine coil, 3.5 watts; in the clock, 1 watt: together, equal to one one- 
thousandth of the total capacity: that in the coarse coil is 5 watts, 
at the maximum current, making a total of 0.5 watts. The current 
for the clock is required only every 10 to 12 seconds, for one-quarter 
of a second, requiring therefore 9 coulombs per hour. 

They have had their meters in use for four years, and at present 
have five hundred in use. The sales during the past two years have 
amounted to 820,000, and their monthly sales at present amount to 
$3,000. 
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Blondloi, — The Blondlot meter exliibited by Henrion (French 
section), is a tnie watt meter for alternating or continuous currents. 
It is simple in both principle and action, and belongs among the 
better ones of its class. 

The current is measured in an electro-dynamometer the series coil 
of which is quite large so as to produce a uniform field at its center. 
The deflections of the fine-wire coil are made proportional to the 
product of the current and the potential, by means of a cam on its 
axis, over which passes a string with a counterweight. The curved 
surface of this cam is such that the angular deflection will be pro- 
I>ortional to the watts. 

The deflected coil is brought back to zero by an electro-magnet, at 
regular intervals of time determined by a clock which closes the 
magnet circuit. The angles through which it is moved back are 
recorded on a counter, as follows: The main axis of the counter is 
directly opposite to and in line with that of the movable coil of the 
electro-dynamometer, but normally it is not in contact with it. On 
the shaft of the counter is an electro-magnet whose armature is on 
the end of the electro-dynamometer axis, so secured as to allow it to 
approach toward the magnet; when this magnet is excited the two 
shafts are thereby coupled together. The current for this magnet 
is closed during the interval when the other magnet moves the 
electro-dynamometer coil back to zero; these angles are thereby all 
recorded and summed up on the counter. 

There were a number of others, such as the Clerc, Gravier, Mildd, 
and Chambaud, which were somewhat similar in principle to these; 
some with self-winding clocks ; some in which zero readings only 
were used. No good description of these could be obtained. 

Brille, — The Brille meter, exhibited in the central station of the 
French Edison Company, is a true watt meter for continuous currents, 
and, it is claimed, may be arranged for alternating currents also. 
It is simple in principle but somewhat complicated in construction, 
though its complication is not of such a nature as to be likely to 
make it unreliable. 

In its principle it belongs among the better class of watt-hour me- 
ters exhibited. Owing to its complicated construction it can be de- 
scribed here in principle only. The current and potential are meas- 
ured by an electro-dynamometer, the coarse fixed coil of which is for 
the main current, and the fine wire movable coil for the potential, 
the counter force for the latter being obtained from a special spring ; 
the deflecting force is proportional to their product. Every 3G sec- 
onds (one-hundredth of an hour) the deflected coil is moved back to 
zero by turning the torsion head or free end of the counter-spring, 
the angle thrcmgh which it is turned being recorded on a suitable 
counter with dials. 

The rest of the apparatus consists of a clockwork which starts the 
mechanism every 36 seconds, and a motor which moves the coil back 
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to zero and which rewinds the clockwork after every reading; an ad- 
ditional device starts the pendulum of the clock should it have come 
to rest by a stoppage of the current. The motor consists simply of 
an electro-magnet having three iron armatures, one for moving the 
coil back to zero, one for rewinding the clockwork, and one for op- 
erating a contact. This magnet is put in circuit every 36 seconds 
by the clockwork and is cut out when the whole cycle of operations 
is finished. The various operations are determined by several sets 
of contacts which make or break the fine-wire current. 

This is probably the weak point of this meter, as a current of such 
high voltage and with such self-induction coils in circuit can not but 
give a spark, which in time must affect the contacts and require them 
to be cleaned. In order to properly measure and integrate the an- 
gles through which the spring of the coil is turned to bring the coil 
back to zero, the lever arm which turns it must move with a constant 
velocity; this is accomplished by a fan escapement and an ingenious 
friction governor. 

By properly proportioning the parts, the constant of the instru- 
ment is readily made unity so that the reading is direct in watt hours. 
It will be noticed that in principle it is a true watt meter, and that 
such factors as friction and temperature are practically eliminated. 
It is suggested also to run the clocks of all meters in a plant by a 
special circuit, in which case the apparatus is simplified and it may 
then be used for alternating currents also. A very good illustrate<i 
description will be found in LaLumifere Electrique, August 18, 1888. 

Aron, — The Aron meter for continuous currents, exhibited by 
Danzer (French section), consists essentially of two 40-day pendulum 
clocks with independent works and pendulums adjusted to run 
absolutely alike. The current retards or accelerates the motion of 
one pendulum while the other moves unobstructed ; this causes a dif- 
ference in the running of the two clocks, which difference is meas- 
ured and recorded by a simple five-dial counter, the readings of 
which are said to be proportional to the quantities to be measured. 
The counter is operated by a planet movement, and registers only the 
difference in the running of the two clocks. 

The electrical part is different, depending on whether it is an am- 
pfere-hour meter or a watt-hour meter. In the former, one of the 
pendulums has at the bottom a steel magnet, which, by the oscilla- 
tion of the pendulum, moves to and fro over a fixed solenoid through 
which the main current passes ; the relative action is an attraction, 
which accelerates the oscillations of that pendulum, causing a corre- 
sponding difference between it and the other. It can evidently be 
used only for continuous currents. 

For the watt meter, the bott^jni of the pendulum carries a fine-wire 
solenoid, connected as a shunt across the mains: this moves axially 
to and fro through the interior of a large fixed solenoid through 
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which the main current passes. The mutual action between the two 
coils is proportional to the watts ; the effect on the pendulum will 
therefore depend on both the volts and the amperes, and is said ta 
be proportional to their product, the watts. 

The readings of the counters are said to be proportional to the 
ampere hours or watt hours, but they must be multiplied by an em- 
pirically determined constant to reduce them to ampfere or watt 
hours. They appear simple and reliable, but it is a question whether 
the readings are truly proportional for wide ranges of current. 

Boiron and Cozette, — In this meter (French section) a small shunt- 
wound dynamo drives a fan escapement. A set of dials integrates, 
and indicates the number of revolutions. It is called a watt meter. 
Apparently the main current passes through the armature, and the 
potential current through the field. It is probably only experimental. 

For other watt-hour meters, so called, see under ampfere-hour me- 
ters below. 

AMPi:RE-HOUR METERS. 

Any ampfere-hour meter may be, and often is, used as a watt-hour 
meter by assuming that the potential remains constant, in which 
case the meter may, and correctly too, be made to read in watt hours 
or energy, in place of ampere hours or current quantity. In a tech- 
nical classification like the present, however, they belong strictly to 
ampfere-hour meters, and are therefore classed under this heading. 

Hookham. — The Hookham meter (English) was exhibited by tlie 
Compagnie Electrique (French section). The principle is exceed- 
ingly simple and is essentially as follows: The current to be meas- 
ured drives a small electric motor which moves a solid disk of cop- 
per through a magnetic field which therefore acts as a brake or 
counterforce. The stronger the current, the faster the motor will 
tend to move, but at the same time, the greater will be the counter- 
force of the brake. The conditions are so chosen that the resulting 
speed will be proportional to the current. The revolutions of the 
shaft are transferred to a simple counter with dials. It is therefore 
an ampfere-hour meter for continuous currents only, but it is 
made to read directly in board of trade units (kilowatt hours) by 
assuming a constant difference of potential of 110 volts for instance. 

The construction is quite simple and ingenious. The armature is in 
the form of a thin flat disk of solid copper, on one side of which are 
secured the radial armature windings, interconnected at their outer 
and inner ends so as to form a simple armature winding. The whole 
forms a thin flat disk. The current passes through these windings 
by means of two commutators or collectors revolving in two mercury 
troughs. The solid copper disk revolving with it, generates in itself 
Foucault currents which oppose the revolutions, thereby acting as a 
counterforce. If the field is "constant, this opposing force varies as . 
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the velocity, while the force to turn the motor varies as the square 
of the velocity. The resulting velocity will therefore vary as the 
current, and may therefore be used as a measure of the ampfere hours. 

The field magnet is a permanent magnet made of bars of steel and 
tungsten inclosed in a brass tube and secured to two pole pieces, be- 
tween which the armature revolves. The field, or space between 
these pole pieces, through which the disk armature moves, is very 
short or thin in order to keep the field as strong and as constant as 
possible, as the principle of this meter depends on the constancy and 
strength of this field. These magnets are made with great care, and 
they are said to have been found to remain constant in a large number 
of meters after fifteen months of use. It is said that they are made 
constant by magnetizing them and then reducing their magnetism 
by about 10 per cent, so that their tendency will be to strengthen 
rather than to weaken. The conditions are so chosen that the effect 
of other retarding forces may be neglected. The armature revolves 
quite slowly. There is no oiling necessary, as the shaft rolls on disk 
wheels, which themselves roll on others, which again roll on a third 
set. 

If the proportionality of the current to the revolution, and if the 
constancy of the field are what is claimed, it appears to be a very 
good and simple meter, for the purpose for which it is intended. 

Jacquemier. — The Jacquemier meter exhibited (French section, 
silver medal), is an ampere-hour meter for continuous currents. It 
is too complicated to be described here, except in principle. It con- 
tains many levers, springs, gears, etc., of a complicated and delicate 
nature, which is one of its weak points. 

The current is measured in an electro-dynamometer, the fine wire 
movable coil of which is an electro-magnet and is in shunt circuit to 
the mains ; its magnetism is assumed to be constant, and the appa- 
ratus is therefore a galvanometer. This coil is deflected against the 
action of a double spring, a light one for small displacements and a 
strong spring for the larger ones. 

There are two clockworks running fifteen days, one for deter- 
mining the intervals of time of five minutes at which the measure- 
ments are made, and the other to do the work of recording the 
deflections. Every five minutes the former staHs the latter, which 
operates a delicately-balanced searching lever, which moves toward 
the deflected pointer of the galvanometer ; the moment the lever 
touches it, it is thrown out of balance and the second clockwork is 
thereby stopped at its fan escapement ; the path which it has trav- 
eled before it touches the pointer is registered on the counter by 
the clockwork. After this the clockwork brings the parts back to 
their normal position. 

The deflections are not proportional ; this is corrected in the reg- 
istering apparatus by a train of gears, two of which are not circular, 
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t havo an irregiilnT' periphery. There ai-e no coutacts imuie or 
"len, wliicli is a favorablo feiitui-e. 

I. — See uniler the watt-hour meters. 
Wwrtfi, — The Edison meter is too well-known to need deacription 
liort-. It is osaentially a zinc voltameter and mf^pstires coulombs, or 
lMlp^rl-l hours mid is for direct curreutaoulv. For awelMlliish'fttixl 
pHper on this subject see that of W. J, Jenke. American Institute of 
Metrical Engineers, Deceml>er 18. 1888. 

iii^ith. — The Aliotli meter (Swiss section), measures amjitre hours. 
^^^ I mtives vertically in a solenoid. A io-duy clock drives the 
Counter through a simple intermediate mechanism which depends on 
tlie position of the core in the solenoid. The farther the core is 
■Irawn into the solenoid the faster the counter is driven by the clock- 
work. The inequality in the proimrtion of the current to the move- 
ment of the core is corrected by a corresponding curved piece in 
this intermediate mechanism. 

Heinrich tft Mnlberger. — An electric clock drives a train of gears ; 
ii Deprez galvanometer, presumably for the main current, opernti-s 
'■II a pulley of this gearing by means of a string and weight which 
(■ t as a variable brake. Presumably the difference between the 
I'.rraal speed and the retarded speetl of this pulley integrat«i the 
imptre lioura, which are indicated on dials. If is probably only 
1 \[ierimental. 

Tlimnmin. — The meter exliibired among tiie ajiparuius of Prof. 
Thonis^iu (United States section) is fur alternating currents only. 
Tiie main current passes tlirougli a transformei' in the meter; the 
'condary current of this transformer is the one measured in the 
jiii.'ter. 

The meter consists of a horizontal glass tube witli two vertical 
■utbs at its ends like a so-called " pulse glass. " This rocks about 
1 'enter like a scale beam. The tube and bulbs are partially filled 
i ilh a volatile liquid; above the liquid in each bulb is a small coil 
through which the current passes and which is thereby heated. 
First, one nf these is heated by the current, which then causes the 
liquid to move into the other bulb; this causes the beam to tilt over 
'■■ the other side, which then switches the current by means of 
niTcury contacts to the other coil, which in turn forces the liquid 
ii.u'k and causes the beam to tilt again. This rocking i>f the lever is 
registered on suitable dials, which read in watt liours. 

In the transformer there is an additional coil of fine wire, the ter- 
minals of which ai-e across the mains, the current in which is there- 
f'lre proportional to the potential of the mains. The function uf 
this is pi-esumably either to make the meter measure the volts also, 
iinti theiefoi-G the watts, or else, and more probably, it is to iutro- 
<tuce a constant furce to uvei-come the friction ami similar losses in 
the ajiparatus, tlio [>oteutial being assumed to be constant. 
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Borel. — The Borel meter (Swiss section, bronze medal) is an 
ampfere hour meter for alternating currents only. In the latest form 
it consists essentially of two flat bobbins in multiple arc, whose core 
space has a cross section of a flat, oblong rectangle. These are 
mounted, side by side, so as to have a common axis. In the flat 
rectangular core space is a thin flat disk of iron capable of revolving 
about a vertical axis and acting as an iron core common to the two 
coils. There are also two straight iron bars running through the 
two coils parallel to the axis, and almost tangential to this disk, but 
not touching it; their alternate ends project and are bent over. 
These iron bars and the iron disk are both magnetized by the alter- 
nating current, but owing to their shape, position, the Foucault cur- 
rents produced in them, and hysteresis, the magnetic phases will 
difl^er in such a way as to produce a continuous repulsion and conse- 
quent rotation of the disc in one direction; this rotation is used as 
the measure of the current and is transmitted to a counter with 
dials. On the same axis are secured a set of four fans which act as 
the opposing force. Their resistance in the air is proportional to the 
S([uare of the velocity; the nHating action is said to be approximately 
proportional to the square of the current. On account of the want 
of true proportionality, two of the four fans are hinged at their top 
e<lge so as to offer less resistance as tlie speed increases. In this way 
a proportionality is said to be secured l)etween certain limits. 

From published results it appears tliat it is not very reliable and 
aivurate. It is said to be used at the Ferrauti Station. Two hun- 
dred are s^iid to have been in use in Nancy for a year. A good and 
well illustrated description of an earlier form will l)e found in La 
Lumit*re Electrique, July 14, 1S88, p. 53. 

TIME METERS. 

Auberf. — The Aubert meter (Swiss section, honorable mention) is 
simply a time meter, to measure and integrate the number of hours 
during which the current has been turneil on. It is of use merely 
f<.»r constant currents, but for such it appears to be gooil, simple, and 
cheap. It consists of a clcK^kwork running 200 hours. It indicates 
on four dials the minutes, hours, tens and hundreds of hours. It is 
a simple clockwork, the escaj>ement of which is released by a mag- 
net when the current is started. There are siiid to be over two 
thousiwid in use. It sells for only *?. It is f»(|ually go<xl for alter- 
nating iis for continuous currents. 

MISCELLANEOUS MEASURING INSTRUMENTS AND APPARATUS. 

Sf^uiilani <v//. — In the e<lucational dej^uirtnu^-nt (Uniteil States sec- 
titnO was shown a standard Daniell cell devise<l by Carl Hering, the 
o]»ject of which is, to have a simplt^ form « if cell which is always ready 
without being rctilled evt-ry tini»* it is to Ik- u>t-<l, and in which the 
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li(jui<lH. whifh must iipcessiirily mix at tliyir JTiiictioiuiin-'lruinwl otf 
t llioir juiic.tiuii fustur than they oan mix. tliii» prestrviug tho two 
iquidH absolutely pury, Tht- Jtrmngtmiout ia bIiowu in tlio adjoin- 

; illiLst ration. Fig. 6(). 
^ It consititii ijf two liottivs oou- 2„ c». 

iDg-the \vfi> lii^ulds aud tlu'ir 
iBpwctivM electrodes. Tliey are 
1 togPtlif!r al the bottom l>y 
of a t)iroe-way tube liav- 
Btopcocka aud coiitaiuiug 
Bje filtering paper or other 
nroUR niitterial to prevent too 
npiil flow of the lifiuids. The 
"lirti tulw romnnmiratcs witli 

i air from the junction and I 
trough this the mixed liquid at ' 
i junction is drained off drop 
f drop faster than it can mix. 
Tien not in use the coclis are 
I prevent waste of the 
[qaids. 

■ The electromotive force of such a cell, with solutions of pure cop- 
' and zinc sulphates, l>oth having a siiecitic gravity of 1,20 at 
(out C(J° F., using pure electroplated copper and pure amalgamated 
» 1.106 true volts. 
' Pyr&ttwtfir. — Carpentier exliihited aii electric pyrometer devised 
/ M. le Chatelior, which appears to b© a very satisfactitiy iustru- 
Bcul, and which is said to be used largely: it is very conveniently 

LDged, considering its accunuv and range. 

'It consists of a thermo-couple ci>nuecteil directly to a galvanome- 

The eiectroraotivo force of this coupif increases with the tem- 

«ture; the current through the galvanometer is, therefore, a direct 

neAfiure of the temperature. Tlie thermo-couple is made of plat- 

3tttUQ Knd platiuum-iridium alloy of Ifl ji^r cent, which gives good 

lll« up to ] ,iiHf C. or 3,200' F. ; it is at the end nf a long rod by 

p^hich it is introduced into the furnace. The galvanometer is of the 

teprea-d'Areonval form (which see under galvanometers) arranged 

% a very practical form with lamp and scale, so as to be portable; it 

i ID the form of two flat boxes, one containing the galvanometer 

(1 the other the lamp and scale; to use it, these two boxes are hung 

a the side of a wall one meter apart. The appai-atua gives a deflec- 

1 of 10 centimeters (4 inches), for 1,000° C. {WAT F.) 
Tot an illustrated description see La Lurai^re Electrique. June 30, 
, p. 604, which article contains also deecriptiona and references 
frdwcriptiims of other pyrometers. 
H. Ex. 410— VOL IV 15 
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Photometer, — Messrs. Patterson & Cooper (British section) exhib- 
ited a photometer devised by Thompson (S. P.) and Starling. It 
differs from the ordinary pliotometer in the following points: That 
the paper with tlie grease spot is replaced by two disks of plain 
white pai)er at an angle to each other, so that both can be seen at 
the same time, tlie one l)eing illuminated by the candles and the 
other by the light to be measured: tlie screens and the lamp are fixed 
and the candles moved: two candles are used to eliminate partially 
the errors in the candles. 

It is arranged in a very convenient form so as to facilitate read- 
ings, the scale being so spaced that the readings are direct, even for 
very high candle powers: the only reductions are multiples of 10. 
The correction for a mirror which is used for bright lights is made 
by the constructor in fixing the space between the lamp and screen. 
The Avhole arrangement of the photometer is very convenient, but 
it is doubtful whether its accuracy is as great as in the ordinary 
form, as a number of slight errors appear to be introduced by this 
construction. 

Magnetic and fluid bridges. — Edison exhibited his magnetic bridge, 
the object of which is to enable one to measure the magnetic X)rop- 
erties of samples of iron to l)e used for dynamos. 

It is based on the principle of the Wheatstone bridge, in which the 
electric current is replaced by the magnetic flux. The battery is 
rej^laced by a large magnet, and the galvanometer is replaced by a 
magnetic needle, which is situated between the two points where 
magnetic balance is to be reached. The three arms of the bridge 
are of fixed pieces of iron while the fourth is made of the sample t^ 
be tested. No means are given for bringing the needle back to zero, 
that is, for producing balance. The samples of iron are so short 
that the magnetic resistance at the two contacts forms perhaps the 
greater part of the whole resistance to be measured. While it is 
ingenious in principle it is probably of little use in practice for the 
reasons given. 

Edison also exhibited a fluid bridge, the object of which was to 
measure the resistance of liquids, the principle of which was also 
that of the Wheatstone bridge. Both of these are no longer new. 

Tasimeter, etc. — Edison exhibited a number of instruments for 
different purposes which depend for their action on the change of 
resistance of a carbon button under variable pressure, this variable 
pressure being produced by different substances. In the tasimeter, 
for instance, it wjis produced by a piece of hard rubber, and was 
used as a means of measuring very small differences of temperature, 
as, for instance, that of the heat from a star. The expansion of the 
hard rubber compresses the button. In a hygrometer this was made 
of gelatine which expands by absorption of moisture. 



ELECTErCITT. 227 

T7iom)ton's ippara/us. — By far the most interi>stmg and inivel 

mraius for scientific resoarcht-s and deiiionat rat ions was the tiltei- 

{fttiiig current apparatus i>f Pruf, Elilni Tliunison (United Statt's 

fotinn, grand prize). It attnit'tod very groat interest among scieu- 

li OS among ttichtucal ungiuetTS, and owing to tlio striking phe- 

mena it was interesting even to the general public. The apparatus 

A the phenomena, though new. liave huen so tlioronglily doscribed 

ktiio American techical journals, that it is needless to repeat a de- 

'riptioii here. 

I The main phenomenon, which Thomson no doubt was the first to 

" i briefly aa follows ; If n closed metallic circuit, such as a 

!Bg, sheet, or other mass of copjjer, bo brought near a coil in which 

h nlteruating current passes it will be rejtelled from tlie same. 

rThe explanation is, brietiy. that a current is indm-ed in this mass 

t ccipjiLT which at one instant is attracted and at another instant 

) repelled from the original or pnmary current. These attrac- 

ud repulsions would be eqiud and would therefore balance 

f tlie secondary current flowed without retardation, but owing to the 

set that the secondary current is retarded in its flow by self indue- 

n. the repelling force l>ecomesgreateraud the attracting forceless. 

1 there is therefore an excess of the former, or in technical terms, 

3 waves of the two currents differ in time by a fraction of a wave 

tlu thereby causing a preponderance of the repelling force over 

sattractiug force. 

rTliis phenomenon was shown by several striking experiments. A 

^id ring of copper held over the end of an alternating-current mag- 

i was kept floating in the air above the magnet by this force. 

lien forced ilown over the magnet and then released it was pro- 

oted up into the air. A lioUow sphere of copper was floated iu a 

ik of water placed over this magnet, and when a sheet of copper 

8 placed between the magnet and the ball so as to cover half of 

tnd of the magnet, the ball would rotate rapidly and with con- 

B force ; the copper sheet acta as a screen to cut off the action 

1 one half of this sphere, the other half being continually re- 

id, causes the sphere to revolve. 

K number of applications of this principle of repulsion were shown, 

i of which was an alternating current motor, which see under 

Pynamos. " 

jlother apparatus of interest exhibited by Thomson wa.s an in- 

umant for studying the waves of aiteraating currents. It consists 

ntially of an iron <liaphragm, opposite to an electromagnet. 

rough which the current to be studied passes. Its motion is com- 

uicated to a small mirror by a lover, which also enlarges the 

A beam of light is refletrtetl from thin mirror on to a 

Aiuid-gla.Hs plate, on which, therefore, a line would be produceii, 

1 tile mirror oscillates, by the action of the alternating current. 
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This line Ix-comes a '"fii^ure-^" shape«l diagram ^rhen thewbok 
apparatus, except the i^lass plate, is m«A'e«l rapidly to and fn- by 
hand. 

In anotlier form the mirror is under the action of two ma^e!«. 
:^ivinj^ to it a motion in two directions i»er]>eiidicular to each ntbrr. 
)a' which tlie relative action of the waves of two currents, primary 
and s«;condary. for instance, can Ik* studied. 

InflH^Hf'^ uifi^-hin^fs, — Influence or induction machines for genrr- 
atin;< electricity of very high tension and small quantity, often eall^ 
static electricilv. were exhibited hv numerous makers. Thev irt-n: 
all of th«' '"induction" type, in whi<-h the electricity is generated bj 
the static indu<:tion of one nlfM-tritied ho<ly on another, as distin- 
guished from the original Franklin friction machines, which exist 
now only as historical apparatus. Most of them were of the Wf3 
known Wimshurst type and a few of the less frecjuently use<l H«.»1tz 
and Carre type. The former seem to be replacing the others rap- 
idly, as they have numerous advantages in simplicity and in their 
action, being, it in said, affecte<l less by humidity, and will not !'>se 
their charge, like the Holtz type. 

The finest exhibit of a Wimshurst machine was that of Ducretet 
(French section), which had twelve glass plates, 20 inches in diame- 
ter, giving sparks 10^ inches long, at the rate of one or two per sec- 
ond. It is said to l)e the largest one ever built. The finer ones are 
always inclose<l in glass cases. In some cases the glass plates are 
replaced by hard rubber, which is much more durable, as the glass 
is likely to crack an<l burst. They are used chiefly for demon.stra- 
tion purposes, but they have lately come into use largely for testiui: 
cables during iiia'w manufactun*. Th(\v are also used largely for 
m^'dical purpos<.»s. 

Crfuftslf^r (& Croftk's fuh&.s. — The {principal exhibits of Qeissler & 
Crook's tubes w<*re th<^se of V. H. Seguy et Fils (French section. 
l)ronze medal), and M. Anseline (French section, honorable men- 
tion), both of which were very creclitable exhibits. 

Sprfd rrtjish^r, — Breguet exhibited a speed register of Duveau. 
Its description do(»s not belong h(»re, as it is not electrical, with the 
ex(M»pti<»n of out* f«\'ituro of particular inten»st, which is applicable 
also to otht'r apparatus, notably to chronographs. This is a sinrdl 
electric motor, whoso spe(»d is absolutely constant, no matter h'»w 
much the current which drives it vari«.»s. It consists of a small four- 
jKile frame and a Siemens H armature. The current driving it is 
alternatt»d by m<»ans of contacts on a tuning fork, which is kept 
vil)rating by th«.' usual electric apparatus. The speed of the motor 
must svnchronize al>solutelv with th(^ alternations of the current, as 
it will run only under thos(^ conditions. As these alternations are 
produciMl l)y th«^ tuning fork, the spctMl of the motor is as constant 
as tht» vibrations of the tuning f<^rk, and is entirely independent of 
the strength of the current. 



ELECTRICITY. 229 

Binding 2>osts. — For a description and illustration of some bind- 
ing posts see under *' Accessories," p. 87. 

VI.— THERMO-GENERATORS. 

General, — In apparatus for obtaining electricity directly from 
heat, or obtaining power from heat by means of magnetism, there 
was almost nothing of interest, although some new developments 
have been made within the last few years, none of which, however, 
have advanced farther than the laboratory. 

The only novelty exhibited was the pyromagnetic motor of Edi- 
son. The thermopile seems to be the only converter of this class 
whicli has developed to a commercial apparatus, and it appears that 
this, like the steam engine, has reached a practical limit of develop- 
ment which, at best, leaves it a very inefficient converter of energy. 
This field, which ranks among the most important in science, is at 
the same time one of the most undeveloped. 

Besides the Edison motor mentioned, a few slightly improved 
thermopiles constituted all that there was exhibited in this impor- 
tant field. 

Chaudron. — J. B. Chaudron (French section, bronze medal) ex- 
hibited a thermopile, the chief claims for which are its details of 
construction. It does not, however, differ greatly from the usual 
Clamond forms. The elements are tinned iron for the positive pole 
electrode, and Marcus metal, consisting of two parts antimony and 
one part zinc, as negative pole electrode. They are arranged in cir- 
cular layers as usual, with ten couples per layer. The interior cyl- 
indrical space is lined with a tube of refractory material ; the hot 
gases from a Bunsen burner pass through a concentric tube perfo- 
rated with numerous holes which distribute the heat more evenlv. 

The temperatures are said to be 350° C. (662" F.) on the inside 
and 80° C. (176°F.) on the outside, making a difference of 270° C. 
(480° F). The electromotive force of each element as measured by 
Hospitaller is 0.061 volt; for a battery of 50 elements it was 2.9 
volts, internal resistance 0.38 ohms, current on short circuit 7.4 am- 
peres, maximum available energy one-fourth (2.9 by 7.4) = 5.4 watts ; 
consumption of gas 200 liters (7.06 cubic feet) per hour. This corre- 
sponds to 1,060 cubic feet of gas i>er effective horse-power hour, which 
at the rate of $1.80 per 1,000 cubic feet, is $1.90 per horse-power hour. 

Reynier and Fontaine give the cost of a horse-power hour from bat- 
teries, from 40 cents to 81.60, so that tlie cost of ix)wer from this ther- 
mopile is not mucli greater than that from some poor batteries. In 
its application, however, the great convt*nience of a thermopile as 
compared to a battery, is of great importance. Besides this the 
waste heat from the thermo])ile may be considered as a by-product 
which can be used for lieating in winter and ventilating in summer. 
They are said to be used chiefly for galvanoplastics, and for labora- 
tories ; also in a few cases to charge accumuhitors. 
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Claniand'Carpentier. — Carpentier (French section) exhibited a 
form of Clamond thermopile, which is quite similar in most of its 
details to the one describeii above. The metals used are ii'on or 
nickel, and an antimony-zinc alloy of equal parts. It is arranged 
in a convenient form with a burner and refractory lining similar to 
the one described above. For illustrations of this pile, as well as a 
description of several others, see La Lumifere Electrique, April 14, 
1888. 

Chalk hatter ij, — In the Edison exhibit was shown a "chalk bat- 
tery " in which two palladium-faced springs slide on a cylinder of 
chalk and on its brass mandrel respectively; on revolving the cyl- 
inder by hand a current is said to be produced. In the appended 
description it says **it has as yet been undetermined as to what this 
is due to." It has been classed here, as its action may possibl) be 
thermal. 

Pyromagnetic motor, — In the Edison exhibit was shown a small 
pyromagnetic motor, which was the only apparatus exhibited for 
obtaining mechanical energy from heat which was a new departure 
from the well-known methods. Though not yet a commercial suc- 
cess, it at least represents one of the very few new directions of de- 
velopment in this most important and poorly-developed field. 

It is based on the well-known fact that iron loses its magnetic 
qualities on being heated. A cylindrical iron armature is supported 
on a shaft to allow it to rotate, as in a dynamo, between the poles of 
a magnet. Hot gases are passed through this armature so as to heat 
that portion through which the lines of force pass ; these lines are 
thereby deflected into the adjoining colder portions which are thereby 
attracted to the magnets and in turn become heated, and so on, giv- 
ing the armature a continuous, rotary motion. Although the mo- 
tion is necessarily slow, the force developed may be quite great. 

For a history of what has been done in this field prior to Edison's 
application of this principle, see Franklin Institute Journal, Octo- 
ber, 1887. 

Pyromagnetic generator. — A similar principle was applied by Edi- 
son to a generator of electricity, in which the lines of force in being 
deflected, passed transversely over a series of wires in which, there- 
fore, a current is produced. The difiiculty, however, which was the 
prime cause of its failure as a commercial generator, was that in 
order to develop a moderately high electromotive force the rapidity 
of the heating and cooling was too great to be practicable. The 
generator was not exhibited. 

VIL— WIRES, CABLES, AND CONDUITS. 

General, — The exhibits of bare wire were confined almost entirely 
to the French section, and were in general very creditable, showing 
fineness of work and results of considerable and apparently success- 
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ful research to obtain a mechanically strong wire of high conduc- 
tivity for line wire. 

High insulation, water-proof wires were equally well exhibited l)y 
France and the United States; in the former the insulation used was 
almost entirely of soft rubber and gutta-percha, while in the latter 
it was principally paraffin and rubber compounds. 

The cable exhibits were confined to a few large, well-known com- 
panies from France and England. The cable industry in France 
has developed almost entirely during the last ten or fifteen years, 
before which time their cables were made almost entirely in Eng- 
land. 

There were a few insulated wire exhibits from Russia, Japan, and 
elsewhere, but without particular interest. 

Historical. — Among the historical exhibits was a sample of an un- 
derground wire laid between Baltimore and Washington in 1844. 
It consisted simply of a copper wire, about No. 18 B. & S. gauge, cov- 
ered with an insulating compound and inclosed in a lead tube. It 
was exhibited by the Western Electric Company. 



BARE WIRES. 

The exhibit of bare wires of the firm of J. O. Mouchel (French 
section, gold medal) was undoubtedly the finest of its kind and was 
particularly interesting on account of the fineness and regularity of 
their goods, as also on account of the very elaborate researches made 
by them with different alloys, to obtain great tensile strength com- 
bined with good conductivity for lines wires, and to obtain great 
resistance with small temperature coefficient for resistance coils. 

These are probably the oldest wire manufacturers in France, dat- 
ing as far back as 1700. They employ at present 2fX) hands (of 
whom 120 have been there more than ten years) and 450 horse 
power. Their specialty is fine, delicate work, purity of alloys, length 
of pieces, and regularity of diameter. 

Impurities in copper. — The following table gives the results of 
their elaborate experiments made in 1884 to study the effects of im- 
purities of small quantities of foreign metals alloyed with copper: 



I 



Wires 0.60 mflUmeter diameter, annealed. Alloys 

of pure copper with 1 port of the following? 

metals (pure) in 1,000. 



Lead 

Molybdenum 

Cobalt 

SQTer 

Sulphur 

Gold 

Selenium ... 
Thallium .... 
Zinc 



Resistance 
per kilo- 
meter in le- 
gal ohms 
atO« C. 



78.21 
78.78 
79.17 
79.30 
79.31 
79.35 
79.43 
79.44 
79.59 



Conduc- 
Uvity. 



104.04 

103.28 

102.77 

102.60 

102.50 

102.54 

102.44 

102.42 I 

102.22 1 



Elonga- 
tion. 

Per cent. 



Ultimate 

tensile 
strength in 
kilograms 
perstjnare 
millimeter. 



86.20 


19.09 


33.50 


21.90 


38.15 


20.62 


4.25 


29.02 


37. M 


21.51 


32.45 


20.62 


30.42 


27.23 


36.10 


21.26 


85.32 


27.06 
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Wires 0.50 mQlimeter diameter, annealed. Alloys 

of pure copper with 1 part of the following 

metals (pure) in 1,000. 



Antimony . 
Tellurium... 
Platinum ... 

Nickel 

Tungsten .. 

Tin 

Chromium.. 
Magnesium , 
Aluminium . 
Manganese . 

Iron 

Arsenic . . . . 

Silicon 

Phosphorus. 
Bismuth . . . 
Cadmium . . . 
Potassium . . 
Sodium 



Resistance 
per kilo- 
meter in le- 
gal ohms 
at 0«» C. 



Conduc- 
tivity. 



81.80 

81.50 

81.96 

88.72 

84.08 

84.49 

85.64 

88.29 

89.86 

90.09 

97.65 

106.17 

120.44 

149. »4 



Unmanageable. 



100.08 
99.84 
99.25 
98.87 
96.77 
96.81 
95.01 
94.29 
90.55 
90.81 
88.82 
77.86 
67.55 
M.dO 



Elonga- 
tion. 

Percent. 



80.00 

1.82 

88.80 

89.00 

86.85 

8.65 

88.56 

8.75 

85.20 

83.75 

82.65 

39.10 

20.65 

31.25 



UUinoate 
tensile 
strength in 
kilograms 
per square 
millimeter. 



22.91 
41.35 
20.37 
20.88 
21.51 
82.43 
22. 9i 
86.54 
22.15 
27.57 
22.05 
21.7: 
18.31 
23.42 



Alloys of copper — The different effects of different proportions are 
seen in the two following striking examples: one tenth of 1 per cent 
of phosphorus reduces the conductivity of copper to 54.30 per cent, 
while 5i per cent reduces it only to 10.079 per cent. With arsenic 
one tenth of 1 per cent reduces copper to 77.96 per cent, while 5 per 
cent reduces it to 5.7:J per cent. 

Pure copper. — They exhibited also a pure copper wire, the con- 
ductivity of which is 104.69 per cent deduced from measurements 
which were controlled at the Vienna Exposition and certified to by 
Messrs. Blavier, Stefan, and Discher. This very high conductivity 
of copper, which is doubtless correct, simply shows that the gener- 
ally accepted value for pure copper is too low. Next to this ex- 
hibit of remarkably high conductivity there was shown, by way of 
contrast, a similar wire of 0.50 millimeters of remarkably high re- 
sistance, made of an alloy of copper and arsenic, having a resistance 
of 2,335.50 ohms per kilometer, which is equivalent to a conductivity 
of 3.48 per cent, or about double the resistance of German silver. 

Commercial copper, — Their regular copper telegraph wire, an- 
nealed, has a conductivity of 102.5 per cent, an elongation of 35 to 
38 per cent, and a breaking strain of 20 to 25 kilograms per square 
millimeter (28,000 to 35,000 pounds per square inch), depending on 
the degree of annealing. The coefficient of temperature is 0.40 i>er 
cent per degree centigrade. 

Bronzes, — Their two principal bronzes have 08.5 per cent with 45 
kilograms (64,000 pounds per square inch), and 34.6 per cent with 75 
to 90 kilograms (107,0(>0 to 128,000 pounds per square inch) as con- 
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ductivity and breaking strain respectively. These can be wound 
around a wire of their own diameter without showing any breaks. 
The former will stand twenty bendings in a vise, and the latter 
thirty to thirty-five. 

Magnesium bronze, — Their experiments with magnesium have 
given very interesting results, showing great strength combined 
with good conductivity. The following figures show some of the 
results: 



Conductivity. 


Breaking strain. 


Per cent. 


Kilograms per 
square milhmeter. 


96.16 


51.80 


81.60 


61.09 


68.80 


75.17 


58.01 


81.37 


51.43 


95.49 


50.61 


76.47 



They find it impracticable to go below 50 per cent conductivity, or 
above 70 kilograms breaking strain. For exceptionally great spans 
of line wire they have arrived at 100 to 110 kilograms with a con- 
ductivity of 21 per cent. These figures are nearly the same as those 
of the silicium bronze wire exhibited by Weiller, described below. 

Resistance wire. — Their German silver resistance wire has a con- 
ductivity of 7.35 to 4.40 per cent. They find that while all known 
alloys increase in conductivity on being annealed, the German silver 
will decrease when the proportion of nickel is greater than 10 per 
cent. 

Their new high resistance arsenic alloy, containing 10 per cent of 
arsenic, has a conductivity of only 3^ per cent and a temperature 
coefficient of only 0.0258 per cent per degree cenligrade (that of 
German silver being 0.0303 per cent). This alloy is very difficult to 
work, but in spite of this they exhibited it drawn to the remarkably 
small diameter of seventeen thousandths of a millimeter, or 0.00067 
inch, or about one-tenth as fine as No. 34 American gauge. The 
resistance of this wire is 2,052 ohms per meter. 

Another curiosity which they have made is a coil of telegraph 
wire in a single piece (without any joints) weighing 660 pounds. 
This was before electric welding came into use. 

Silicium bronze, — Lazare, Weiller & Co. (French section, gold 
medal) ha<i a fine exhibit of bare wire, chiefly of their patent Silicium 
bronze, which appears to be their specialty. They claim as advan- 
tages for this line wire, over the usual iron or steel wire, that for the 
same conductivity the weight per mile is several times as small; that, 
therefore, it is much easier to run; that it diminishes the dimensions 
and number of poles and insulators; and that, owing to its increased 
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strength, there is less danger of rupture from wind and snow; also 
that it is absolutely inoxydizable. 

PropeHies, — The following figures taken from their tables show 
the most important properties. For long telegraph lines a silicium- 
bronze telegraph wire of 2 millimeters diameter (0.079 inch, or about 
No. 12 B. &S. gauge) weighing 28 kilograms per kilometer (100 pounds 
per mile) has the same resistance as, and can replace, the usual 
galvanized iron wire ^ millimeters in diameter (0.197 inch, or about 
No. 4 B. & S. gauge) weighing 155 kilograms per kilometer (550 
pounds per mile) and having a resistance of 5.40 ohms per kilo- 
meter (8.7 ohms per mile). For telephone lines, a silicium-bronze 
wire of 1.1 millimeters diameter (0.043 inch, or about No. 17 B. & 
S.) weighing 8.45 kilograms per kilometer (300 pounds per mile) has 
the same resistance and can replace a steel wire of 2 millimeters 
diameter (0.079 inch, or about No. 12 B. & S. gauge) weighing 25 
kilograms per kilometer (89 pounds per mile) and having a resistance 
of 40 ohms per kilometer (64 pounds per mile). 

The conductivity and tensile strength may be varied at pleasure, 
for different purposes ; as one quality increases, the other diminishes. 
The following figures, showing the properties, are taken from their 
tables, and are here reduced to our units: 

Size of silicium-bronze wire 1.5 millimeters, or 0.059 inch, or No. 15 B. and S. f^au^. 



For long distance telegraph lines. ' 
For long span telegraph lines . . . , 

For telephone lines 

For telephone line, new type. . , 
For long span telephone lines . . 



Weight 
in kilo- 
grams 
per kilo- 
meter. 


Weight 

in 

pounds 

per 

mile. 


15.75 


5G 


15.75 


56 


15.75 


.56 


15.75 


56 


15.75 


56 



Tensile 






strenfiTth 
in kilo- 


Tensile 


Resist-' 


strength 


ance in 


grams 


in pounds 


ohms 


per 


per 


.J?J^^ 


square 


square 


kilo- 


milli- 


inch. 


meter. 


meter. 







Resist- 
ance in 

ohms 
per 

mile. 



Conductivity 

in per cent 

as compared 

with copper 

(having 5Ji).57 

ohms per 
kilometer per 
1 millimeter 
' diameter). 



45 


W.OUO 


9.45 


15.2 


56 


79,000 


11.42 


18.4 


75 


106,000 


28.8 


46.4 


HO 


113.800 


21.77 


a5.o 


112.5 


100,000 


43. .58 


70.0 



97 
80 
32 
42 
30 



Bi-metalUc. — Charles Martin & Co. (French section, bronze medal) 
exhibited a line wire called *M)i-metallic/' consisting of a core of 
steel, and a thick solid layer of copper around it and unite<l to it. 
The proportions of copper and steel are about half and half. It is 
made not only for telegraph and telephone lines but also for the 
transmission of power and light, Jis well as for electric bell circuits. 
Pure copper wire would be best for lines were it not for the high 
price, and the fact that, as it is so soft, it is apt to tear when in long 
spans, or to elongate by its own weight, thereby diminishing its 
cross section and increasing its resistance. The object of this bi- 
metallic wire is to combine great tensile strength with good con- 
ductivity, small weight, and cheapiiess. 
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The advantages claimed over the phosphor and siliciiim bronze 
wires are, that the latter are brittle and will not stand bending or 
twisting, and that in course of time they become granular or crys- 
talline, and that they are expensive. The object of the bi-metallic 
wire is to combine the good conductivity of copper with the tensile 
strength of steel, and at the same time use the copper sheath to pro- 
tect the steel from the action of the air and water. 

The process is not described, being apparently a secret. The two 
metals are firmly united, as though they were welded. 

The weight and diameter are evidently less than that of a steel 
wire of the same conductivity would be, and it is claimed to resist a 
greater tensile stress than copper wire. It is claimed to resist per- 
fectly bending and torsion, and that it is quite flexible and elastic. 
The selling price, for 1 millimeter diameter and over, is given as 150 
francs per 100 kilograms, which is equal to about 13 cents per pound. 

There is a disadvantage in its use, however, namely, that if the 
steel should be exposed anywhere, the action of moisture will be to 
destroy the steel at that place much more rapidly than if it were not 
covered with copper, because the steel and copper form a short-cir- 
cuited electric couple the action of which is to decompose the iron 
and to clean the copper. In galvanized iron wire this electrical and 
chemical action is just the reverse, as it keeps the iron clean at the 
expense of the zinc. 

Copper-covered iron wire was made in the United States more than 
a dozen years ago, and for the same object. It was made by electro- 
plating the iron wire with a thick coating of copper. But it was 
found that the iron wire appeared to absorb in its pores some of the 
liquid of the bath, which in time destroyed tlio iron completely by 
the action described above. All the lines run had to be replaced, 
and the extensive wire works had to be abandoned. It is presumed, 
therefore, that the process of Martin is not the same. In one speci- 
men in Martin's exhibit, the steel was 1^ inches in diameter, and tlie 
copper three-eighths of an inch thick. 

Properties, — The following figures give the results of some tests 
of the Martin bi-metallic wire. They were made at the Laboratoire 
Centrale d'Electricit^ of the Soci^t^ Internationale des Electriciens: 
External diameter, 3 millimeters, or between Nos. 8 and 9 B. & S. 
gauge. Ultimate tensile strength, 388 kilograms, or 55 kilograms 
per square millimeter ; or 78,000 pounds per square inch. (That of 
copper is about 26 kilograms per square millimeter, or 37,000 pounds 
per square inch. ) Elongation, 28 per cent. Number of times it could 
be bent through a right angle alternately in opposite directions when 
held in a vise, twenty to twenty-four. Resistance per kilometer at 
14** C, 3.91 ohms, or 6.3 ohms per mile. (That of copper wire of the 
same diameter is 2.35 ohms per kilometer, or 3.96 ohms per mile. 
That of an iron wire of the same diameter is 14.05 ohms per kilome- 
ter, or 22.6 ohms per mile.) 
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From these figures the following deductions may be made: Its con- 
ductivity is 60 per cent of that of copper, and 360 per cent of that of 
iron wire of the same diameter. The size of a copper and iron wir^ 
of the same resistance would be 2.33 and 5.7 millimeters, or about 
Nos. 11 and 3 B. & S. gauge, respectively. The weight of the bi- 
metallic wire is given as 62. 5 kilograms per kilometer, or 222 pounds 
per mile. That of the iron wire would be about 200 kilograms per 
kilometer, or 700 pounds per mile. For the same weight of wire on 
the poles, the number of lines of the same resistance could therefore 
be tripled, as compared with iron wire. Or, for the same weight as 
the iron wire, the size of the bi -metallic wire would be 5.4 millimeters 
(between Nos. 3 and 4) and its conductivity increased 3.2 times. 

Another test made by the same parties gave the following results: 
Diameter 1.29 millimeters, or No. 16 B. & S. gauge. Ultimate break- 
ing tensile strain, 84.5 kilograms, or 65 kilograms per square milli- 
meter, or 92,000 pounds per square inch. Number of times it could 
be bent backward and forward over a bar 10 millimeters (0.4 inch) 
diameter, fifty to sixty. Resistance, 19.61 ohms per kilometer, or 
31.6 ohms per mile. Resistance as compared with copper wire of 
the same diameter, 66 per cent. 

INSULATED WIRES. 

Wood insulation. — Fortin-Hermann (French section, gold medal) 
exhibited an insulated wire, made of a bare copper wire, on which 
are threaded small, short wooden beads, quite close to one another, 
the whole being afterwards covered with a lead pipe. It is, there- 
fore, quite similar to an insulated wire made in the United States 
some six or eight years ago, in which the beads were of porcelain, 
instead of wood. The porcelain had the advantage that the beads 
could be made large and have numerous holes, so as to contain 
a number of wires in the same lead pipe and insulated from one 
another. In the case of the Fortin-Hermann multiple- wire cables, 
each wire is first covered with its beads, and these are afterwards 
bunched and covered with lead, making, however, a rather bulky 
cable. 

The claims are that it is cheap, that the insulation is very high, 
and that the specific inductive capacity of the wooden beads is much 
less than that of porcelain, and that therefore the static capacity is 
very low, being for underground wires even lower than in aerial 
lines, and as the air inclosed in the lead remains unchanged the insu- 
lation and capacity remain unchanged. It is used largely in Paris 
for underground telegrapli and telephone lines, and has given very 
good results, particularly for teleplione lines. The following data 
(reduced to miles) was given: 

Insulation, per mile meRohma. . 900 to 6, 200 

Coudnctivity, per mile ohms. . 10. 3 to 18. 8 

Capacity, i^er mile microfarad. . . 068 to . 060 
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Patterson cables. — The Patterson cables, included in the exhibits 
of the Western Electric Company (United States section, gold medal, 
for collective exhibit) was, besides the Okonito exhibit, the only 
United States exhibit of cables containing many small conductors. 
They consist of groups of conductors, each covered with two or more 
windings of cotton or jute, or both, saturated with paraffine, and 
protected by a pipe made of some composition resembling a lead 
alloy. This composition is said to withstand the action of the w;it(T 
and gases underground, where lead would be destroyed. It is harder 
and tougher than lead, witliout being any less flexi])le. The space 
between the conductors and the pipe is filled with hot aerated ])uraf- 
tine, free from any oil, and introduced under pressure, together witli 
carbonic acid gas (COJ. The almost invisible globules of gas, scat- 
tered uniformly through the mass of paraffine, renders it elastic, so 
that the natural slirinkage of the paraffin in cooling is compensated 
for by the expansion of these globules, thus preventing the forma- 
tion of cracks and longitudinal fissures through which water would 
penetrate indefinitely in case of a break in the pipe. Any flaw or 
leaking joint in the pipe is detected by the process of filling under 
pressure. The core may be made in lengths of 1,500 feet and the 
pipe in lengths of 80 to 140 feet. Another function of the occluded 
gas is to diminish the specific inductive capacity of the paraffine: it 
is claimed to diminish it 15 per cent below that of pure solid paraf- 
fine, and this, they claim, enables them to use smaller conductors 
than if gutta-percha or rubber were used. This diminished size is 
claimed to prevent, to a large extent, troubles from ''cross talk.'' 
due to the condenser action in the neighboring wires. 

The current which leaks through the insulation of a cable has a 
tendency to produce chemical changes if any liquids are pre.s<Mit. 
High insulation therefore diminishes this action by reducing the 
injurious current, besides economizing energy. The paraffin used 
contains no oil which might have traces of acids or alkalies. Their 
cables vary from one-quarter of an inch to 2 inches in diameter and 
contain from one to two hundred conductors, in lengths up to S miles, 
and are used for telephone, telegraph, and electric-light service. 
Some have the conductors twisted in pairs for metallic circuits. 

From November, 1881, to June, 1889, they have made cables con- 
taining 36,927 miles of conductors, of which 22,313 are underground 
and of which 36,126 are for telephone, 681 for telegraph, and 120 for 
electric lights. 

Okonite. — The Okonite Company's (United States section, gold 
medal) insulated wire is too well-known to require description here. 
No technical data could be obtained from the company. The ma- 
terial, okonite, is reported to be a mixture of India rubber and 
mineral hydrocarbons. It appears to be placed around the wire in 
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tho form of a band with a longitudinal seam, and adheres to -fcJ^^ 
wire very tenaciously. 

An expert test made for the jury showed an insulation resistair^ce 
of 0,800 megohms per kilometer at 8° C. (4,200 megohms per mil-^^)» 
and a capacity of 0.30 microfarads per kilometer (0.58 per mile). 

Cobb, — The Cobb Vulcanite Wire Company (United States s^^^c- 
tion, gold medal) exhibited electric light wire insulated with a mO' -^" 
eratoly hard but pliable vulcanized rubber tube, and with or witho^^-^t 
a lead armor. This tube is made of rubber, the vulcanization ^c^f 
which is stopped before the rubber becomes as hard as the ordinal*^ J' 
hard rubber, thus giving a material, the insulating propeities cz^^ 
which are like those of hard rubber, and having the addition^^J 
property of being pliable, so that it maybe bent to a moderatelj^' 
small circle ^vithout injury to the insulation. The tubing is firs^ ^ 
made of soft rubber mixed with sulphur; by means of special ma- ^ 
chinory a seamless lead pipe is made around this soft tubing; it i ^^ 
then vulcanized under pressure by compressing the air in the tube — 
after which the stranded copper wire is threaded through lengths o: 
about 200 feet of this tube, by means of a long steel needle, whic] 
operation is done quite rapidly by means of special machinery. Th^s=^ 
insulation is remarkably high, averaging for a No. 4 or 5 wire cable- 
between 10,000 and 20,000 megohms per mile, and sometimes eveim- 
exceeding 30,000. This is probably in part due to the fact that the^ 
tube fits the wire loosely and that it is therefore insulated to a great 
extent by the air between the wire and its insulating tube. Thiat 
wire has been used in New York and Chicago for underground cir- 
cuits. 

CABLES. 

M. Menier (French section, gold medal), one of the principal and 
oldest French manufacturers (founded 1850), had a very fine exhibit 
of insulated wires and cables chiefly of rubber and gutta-percha insu- 
lation. Tliis firm is one of the principal ones furnishing wires and 
cables to the French Government (telegraph and war departments). 
The factory covers 5 acres of ground, employs 400 men, and 1,000 
horse power, using about 300 tons of crude rubber and gutta-percha; 
their business, including rubber goods, amounting to about $800,000 
a year. 

They exhibited a piece of their river cable laid for the Govern- 
ment, between Havre and Honfleur (on the opposite sides of the mouth 
of the Seine), 8^ miles long. It was laid in 1877 and is still in good 
condition. It consists of five wires insulated with gutta-percha, and 
l)rotected with jute and a double armor of galvanized iron wire. 

The underground electric-light cables, which they have made for 
Paris and other cities, consist of tinned copper covered with three 
layers of vulcanized rubber, and covered with lead 2^ millimeters 
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^one-tenth of an inch) thick. They claim to be the inventors of the 
<louble concentric cables. 

Other creditable exhibits of cables were those of the India Rubber 
and Gutta Percha Company (French section, gold medal) and Fow- 
ler & Co. (English section, gold medal). 

Henley's Telegraph Works Company (English section, silver medal) 
exhibited samples of a large number of cables made and laid by 
them. Some of them were of interest historically. The earliest 
were: A single conductor cable laid at Ceylon in 1857, 30 miles, 
weight G6 tons; another in Egypt, in 1857, three wires, 9 miles, and 
20 tons; another in Tasmania, 1858, 240 miles, weight 408 tons. They 
were all of the well-known construction, with a galvanized iron wire 
armor, covered with a protecting compound. 

The Commercial Cable Company of New York, showed a model 
of a cable in which the armor was made of short steel ferrules, the 
ends of which were made to fit into one another, the joints being ren- 
dered air-tight and elastic by means of thick round rubber rings. 
The object is to protect it from danger from crushing by ice. The 
crushing strain is 25 tons. 

MISCELLANEOUS. 
UNDERGROUND WIRES OF PARIS. 

These cables are composed of wires of seven strands twisted to- 
gether and covered with two layers of gutta-percha, alternating with 
two layers of Chatterton compound. The cables are formed of 3, 5, 
7, or 14 of these stranded wires bunched together, spun over with 
tarred cotton and covered with three layers, the first of tarred jute, 
the second of cotton tape impregnated with Norway pitch, and the 
third of tarred cotton tape wound in the opposite direction to the 
preceding layer. The diameter of the wire used is from 0.5 to 0.7 
millimeter (about No. 24 to 21 B. & S. gauge). The seven wires 
twisted together and covered as described above, are from 3.5 to 5 
millimeters (equal to 0.137 to 0.197 inch). The copper has a con- 
ductivity of at least 90 per cent that of pure copper; the resistance 
is not greater than 20.57 ohms per kilometer (equal to 33 ohms per 
mile), per square millimeter cross section at 0° C. Those most fre- 
quently used have the same resistance as iron wire of 4 and 5 milli- 
meters (0.157 and 0.197 inch, or about No. 6 and 4 B. & S. gauge); 
that is, about IG to 9.7 ohms per mile. For these the insulation is 
over 370 megohms per mile at 24° C. (75° F.) and the capacity is less 
than 0.48 to 0.40 microfarad. 

Some others are covered with lead in place of the three layers of 
of cotton and tape. These are used in the sewers or tunnels, being 
merely hung on hooks, while those without lead are put into cast- 
iron tubes in trenches. 



240 UNIVERSAL EXPOSITION OF 1889 AT PARIS. 

For long underground lines the cables are made like the preced- 
ing and are generally of three conductors, of which two correspond to 
an iron wire of 4 millimeters and the other to one of 5. These are 
placed in cast-iron tubes in trenches. Sometimes, when there is only 
one cable, it is covered with an armor of iron wire and simply buried. 
The Soci^t^ des T^Mphones, Menier, India Rubber and Gutta-Per- 
clia and Telegraph Works Company (Paris), all three furnish un- 
derground wires for the telegraph department of the city of Paris. 
For electric light underground cables vulcanized rubber is generally 
used in place of gutta-percha. 

French submarine cables, — The conductor of the submarine cables 
is made of seven strands of copper wire. This is covered with a 
layer of Chatterton compound and then with three layers of gutta- 
percha alternating with two of Chatterton compound. This is cov- 
ered with two layers of jute wound in opi)osite directions, over 
which is then placed the armor of iron wire. For deep-sea cables 
this armor of iron wire is made of small-sized wires, while for shore 
ends it is made of large wires. For deep-sea cables the armor is gal- 
vanized iron, while for shore ends it is an extra fine quality of iron 
wire known as *' Best-Best" quality. This armor is covered with 
three layers of bituminous compounds and two of tarred linen wound 
spirally around it. 

The submarine cables used by France are almost exclusively made 
by the large English companies, namely: The Indian Rubber, Gutta- 
Perclia and Telegraph Works Company, the Telegraph Construc- 
tion and Maintenance Company, and the firm of Siemens Brothers. 

Cable making machine, — The administration of telegraphs of 
France exhibited a small model of the machines used by them at 
their factory for making cables. The bundle of insulated wires 
which are to constitute the cable are drawn slowly through a series 
of tubes in line with each other. Between the end of each tube and 
the beginning of the next, a layer of the covering material, be it 
insulation or armor, is wound around the cable from bobbins secured 
on a revolving disk concentric with these tubes. As the cable 
passes through, these coverings are thereby wound around it spirally 
and in alternately opposite directions. It also passes through tanks 
containing the liquid coating material and finally through a jet of 
cold water. 

Galvanized wire for the French Oovernmenf, — The following ex- 
tract from the *' specifications for galvanized wire" for the French 
Government, 1879, shows the requirements made and the tests to 
whicli the wire is subjected. 

The iron must be reduced and refined entirely with charcoal, and 
must be free from scale and other faults. It must be galvanized 
with pure zinc. Wires of 5, 4, 3, and 1 millimeters in diameter 
must be able to stand a tension of GoO, 440, 250, and 30 kilograms. 



ELECTRICITY. 241 

respectively, with an elongation of not more than 6 per cent. It 
must resist being wound on a cylinder (size not given) and subjected 
to a tension of 500, 350, 200, and 22 kilograms, respectively. The 
wire must resist being secured in a vise and being bent alternately 
forward and backward through a sharp right angle each way, 3, 4, 5, 
and 8 times, respectively. It must stand four successive immersions 
of one minute each in a solution of copper sulphate (1 to 5 parts of 
water) without being stained. The three larger sizes must stand 
being wound over a cylinder of 1 centimeter in diameter, and the 
smaller one over a cylinder of 3 millimeters without detaching the 
zinc ; but the wire will not be held strictly to this test. The wire 
must be made in France. 

In the specifications for 1889 the same conditions were imposed 
with the following additional requirements : The resistance at if C. 
reduced to a wire of 1 millimeter diameter must not be greater than 
156 ohms per kilometer (or about 250 ohms per mile for a No. 18 wire). 

Testing. — For testing cables and joints roughly during their manu- 
facture, it appears that the so-called plate or influence machines 
(Holtz, Wimshurst, Carr^, etc.), developing very high tension elec- 
tricity, are coming into use largely in France. They seem to afford 
a ready, cheap, and effective means to find whether the cable or joint 
is good or bad, without, however, enabling the insulation resistance 
to be measured tliereby. 

Splices. — The Western Electric Company exhibited some splices of 
multiple wire Patterson cables, which were said by some French ex- 
perts to be the finest they had seen. One was of 50 pairs, and others 
of 125 and 100 wires. The individual splices were distributed spirally 
over a short length of the cable and afterwards covered with a short 
piece of lead pipe only slightly larger than the other. They exhib- 
ited also some good but somewhat complicated splices for electric 
light wire cables. 

Couplings. — For couplings for splicing wires, see under *' Accesso- 
ries," p. 8G. 

CONDUITS. 

The exhibits of conduits were so few that it may almost be said 
that this branch was not represented at all. There was only one 
exhibit in tlie French section and two in the United States. It is all 
the more strange that this should be so, because in Europe more 
than anywhere else underground wires are used. 

The explanation is probably that it is considered there such a sini- 
I>le matter to lay well insulated cables in the ground directly, or in 
troughs of wood or concrete, or in sewers, that there is nothing 
about it to exhibit. The sidewalks in Paris and many other Euro, 
pean cities belong to the streets and not to proi)erty owners, and 
they may therefore be used for such conduits, which overcomes some 
H. Ex. 410— VOL IV 10 



242 UNIVERSAL EXPOSITION OF 1889 AT PARIS. 

difficulties, especialUy in Paris where the surface covering is gener- 
ally pitch or asphalt, which therefore keeps the ground below quite 
dry. 4 

Another reason why it is less difficult there, is that they rarely use 
the high potential circuits so common in our arc-light distribution, 
and lately also in our alternating-current distribution. 

Another reason why it js apparently receiving less attention is that 
there is so little electric-light distribution there, as compared to our 
cities, that there is no such need for complete and flexible systems. 

Postel'Vinay, — The system exhibited by Postel-Vinay (Fi'ench 
section) was of special interest to Americans as it differed so radi- 
cally from our ususal systems. Instead of using expensive insulat- 
ing coverings of wires which appear to cause so much trouble here, 
they use bare wires in the conduits and support them on insulators. 
The wires for great currents are in the form of a twisted cable, and 
are supported about every 7 feet in cast-iron supports which are 
secured to the iron cross pieces through the medium of strong por- 
celain insulators to which they are cemented with sulphur. 

The conduits are made of concrete having the iron cross pieces 
firmlv imbedded in their sides. The conduits are covered with slabs 
of concrete or flat stones the tops of which are only a few inches 
below the sidewalk. In crossing streets they tunnel underneath the 
sowers if necessary. An advantage of such a system is that house 
connections are readily made, and that the capacity of the wires 
may readily be increased at any subsequent time by merely laying 
another wire over the other, in the same supports. A good illustra- 
tion of this system, as well as of other details of a system installed 
in Paris, will be found in La Lumi&re dlectrique June 29, 1889, p. 
004. 

The Consolidated Telegraph and Electrical Subway Company 
(United States section, silver medal) exhibited charts and models 
of their systems in New York City, all of which are familiar to 

American readers. 

X 

The American Indurated Fiber Company (United States section) 
exhibited samples of their pipes for imderground circuits. They 
are proposed as a substitute for iron and creosoted wooden tubes 
which liave been used largely. In a descriptive circular they make 
the following statements: '*This pipe is made by a patented proc- 
ess from long wood fibers, separated, washed free from all saps and 
gums, molded while in a pulpy state into the requisite size and 
shape, and then subjected to great hydraulic pressure. It is then 
tn\'ited and hardened by a chemical process, which renders it 
strong, hard, an<l impervious to acids and moisture, iibsolutely 
waterproof, proof against decay or corrosion, and practically inde- 
stnu*til)le. The pipt* is supplied iu lengths of 5 feet with sleeve 
couplings, bearing standard pipe thread, so cut that the ends *butt' 
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in coupling, thus preventing any catch or pocket at the joints. 
Each length is carefully reamed out to a uniform diameter. The 
weight of the pipe is one-fifth that of iron, and it is therefore more 
economically handled. The tensile strength of the pipe is about 
11,000 pounds to the square inch, and it withstands all ordinary 
internal pressures. The pipe will resist over 200'' of heat, and will 
stand more frost than iron pipe." 

VIII.— APPLICATIONS OF ELECTRICITY IN MEDICINE 

AND SURGERY. 

General. — The apparatus for the application of electricity in medi- 
cine and surgery belongs more properly to the department of medi- 
cine and surgery, rather than to thaf of electricity. No attempt is 
therefore made here to give either a full summary, or a complete 
description of the exhibits in this branch, nor to describe them from 
a medical point of view. The following notes are limited to a mere 
mention of some apparatus which chanced to come to the notice of 
the writer, and is treated from the point of view of an electrician 
merely. 

It was a satisfaction to notice from the exhibits, that the use of 
electricity in this branch appeared to be no longer limited chiefly to 
the practice of the ** quack" doctor, but that it was studied syste- 
matically and intelligently, and was fast taking an important place 
in the intelligent practice of medicine and surgery. 

The exhibits in this class were quite numerous, and in a number 
of cases quite elaborate, the apparatus being very complete and 
creditably designed for convenience and maintenance. The exhibits 
were limited almost exclusively to the French section. 

Unquestionably the finest exhibit was that of Charles Chardin 
(French section, silver medal). It was quite large and appeared to 
be very complete, showing good workmanship, intelligent design- 
ing, and in a number of cases considerable ingenuity. 

A number of improvements were noticed in batteries for medical 
and surgical (chiefly cauterizing) purposes, with a view chiefly to 
reducing the amount of attention, care, cleaning, slopping of the liq- 
uid, refilling, etc., and for transportable purposes, to make them fvs 
light and small as possible. The more important of them will be 
found described under '* batteries." In (juite a number of the ex- 
hibits of induction coils for generating the so-called *'faradic cur- 
rents'' (which are simply interrupted, high tension, alternating cur- 
rentsof different alternating potentials), it was noticed that the usual 
rapidly vibrating-hammer interrupter of the primary coil was re- 
placed by a long pendulum-like interrupter, by means of which the 
interruptions were made quite slowly and regular. An adjustable 
weight on this pendulum enabled the slowness of tli^ interru2)ti<jns 
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to be varied between great limits. In another apparatus these ''in- 
terruptions'' were produced by a clockwork and revolving contact. 
There were a number of exhibits of high-tension batteries for direct 
application, as also induction or influence machines for the applica- 
tion of direct high-tension charges. The exhibit of the electrodes 
and cauteries of many different forms was particularly large and 
varied. 

Br^guet (French section) exhibited a very complete and convenient 
electrical apparatus designed by Dr. Vigouroux, containing among 
other things a series of induction coils of different windings, and 
convenient means for measuring at any time both the potential and 
the current strength with the same galvanometer. The same maker 
also exhibited the apparatus of Professor Hayem for registering on 
a revolving drum the currentS used in therapeutics. 

For a short description of a bullet probe and induction balance 
for locating a bullet in a body, see under ** telephony," p. 131. 

The advantage offered by electrical illumination was made use of 
in a number of pieces of apparatus. In some a small electric lamp 
was arranged for internal illumination of cavities, or with a small 
hand reflector. In the '' photophone," attached to the forehead of 
the operator, or on a stand, a lens was in front and a reflector in back 
of the lamp, producing a strong, parallel beam of light, the lamp 
itself being only a small battery lamp. 

Another apparatus of interest, though not new in principle, was 
the ozone generator exhibited in operation by Huguet (French sec- 
tion). The principle is that 
of Houzeau, namely, that if 
two parallel plates having me- 
tallic coating on their outside 
surface be charged and dis- 
charged in rapid succession, 
as when connected to the sec- 
ondary circuit of an induction 
coil, ozone will be generated 
in the air space l^etween the 
plates. The apparatus exhib- 
ited is shown in the adjoining 
cut. Fig. 61, which explains 
itself. The three concentric 
cylinders are of glass, the two 
inner ones having tin foil on 

Fio. 61.— Ozone generator; Hujfuet. one side, aS sllOWU. The air, 

forced in through the tube, passes between the two electrified plates, 
where it is partially converted into ozone, which is collected and in- 
haled by the patient. For an illustrated article on this subject see^ 
Bevue Internationale del'Electricit^, August 25, 1880, p. 133. 
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IX.— MISCELLANEOUS EXHIBITS. 

LIGHTNING RODS. 

Among the half dozen exhibits of lightning rods it was interest- 
ing to notice an almost complete change of the general systems, in a 
diametrically opposite direction, in conformity with the progress of 
science. In no other class of exhibitswas it shown more prominently 
how the progress of science has, within a sliort time, almost com- 
pletely overthrown old and radically wrong ideas which had been 
adhered to so obstinately for so many years. 

In the exhibitions of 1878 and 1881, and doubtless also in subse- 
quent ones, there were exhibits of insulators and holders of various 
sorts for keeping the lightning rods insulated from the building as 
carefully as possible. In the present exhibition were shown systems 
and appliances for connecting the building electrically as carefully 
as possible with the lightning rod. The former removes the Duild- 
ing as far as possible from the beneficial influence of the lightning 
rod; the latter, by discharging the house also, protects it as much 
as possible. 

In 1884, when the electrical exhibition building was being fitted 
with lightning rods on this new and proper system, the ** old and ex- 
perienced" lightning-rod makers (plumbers, we believe) laughed and 
scoflfed at the idea of allowing the rod to be connected to the building 
and even soldered to the tin roofs. At the present exhibition such 
makers were, apparently, ashamed to exhibit their former products. 
In some cases it was noticed also that the intelligent makers used 
bands and stranded wires to replace the usual solid conductor, in 
conformity with the recent developments. 

In some exhibits, solid, massive, platinum points were used in place 
of those of brass, platinum plated, on account of the liability of the 
latter to become fused by a strong discharge, and thereby lose their 
character of a sharp point, as was shown by samples of actual cases. 
In another exhibit the maker advocates a lightning-rod tip having 
a great multitude of points, instead of a few, to facilitate the dis- 
charge and distribute it among many points, probably to diminish 
the liability of fusion of the points. 

Milde Fils, & Co. exhibited a complete system showing that 
they kept pace with all the later developments of science in this 
branch. They use bands of copper \\ by ^ inch, tinned on the out- 
side, or, better, iron bands covered with a thick coating of copper 
which is then tinned, in accordance with the fact lately demonstrated, 
that the self-induction is less in iron than in copper. Bands are used 
for this same reason, as also because they can be more readily fas- 
tened to the building and bent in conformity with shape of the walls, 
cornices, etc. The bauds are in electrical contact with all tlie parts of 
a building, includingall water and gas pipes, and have ])oiiits situated 
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on the tops of every high part. They are fastened, at intervals of 
about every foot, by improved clamps, which allows them to expand 
and contract. The earth plates are made of an open spiral, made of 
16 meters of this band, which presents a surface of a square meter. 
This is put into the well. They prefer to have several grounds for 
each house. 

STEEL MAGNETS. 

Meritens (French section) exhibited permanent steel magnets of 
Clemandot made of steel tampered by compression, a process of his 
own. Magnets of all shapes were exhibited; among them were horse- 
shoe magnets having the following constants : 



Weight 
magnet. 


Greatest 
lifting 
force. 


Ratio of 

lifting 

force to 

weight. 


Kilos. 

24.0 

4.5 

1.7 

1.6 


Kilos. 

100 

50 

25 

33 


4 
11 
15 
30 



Another exhibit of permanent magnets, that of Marchal (French 
section), contained some which had the following constants: 



Weight. 


Lifting 
force. 


Ratio. 


0.15 

0.135 

0.025 


3 
3 
1 


20 
23 
40 



MAGNETIC NICKEL ALLOY. 

Joseph Wharton (United States section, honorable mention), ex- 
hibited bars of nickel, alloyed with various proportions of tungsten 
varying from 1 to G per cent in different samples. This alloy was 
magnetic to a considerable degree. At the time of writing no iSgures 
had been obtained. The nickel is made from nickeliferous pyrrho- 
tite and is about 99 per cent nickel and 1 per cent impurities, chiefly 
iron. 

NON-MAGNETIC WATCH MOVEMENTS. 

We believe it has been sufficiently well demonstrated by experi- 
ments that a watch will not be affected by magnetism if the hair- 
spring and the escapement are made of a non-magnetic metal. An 
iron shield around the watch may protect it in a weak field, but it 
can not, of course, do so in a powerful field, and it is therefore a pro- 
tection in a degree only. There were a few exhibits of nonmagnetic 
hairsprings and escai)enients, all in the Swiss department. Those of 
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Paillard, already known in the United States, are made of a palla- 
dinum alloy. Patek, Phillippe & Co. exhibited haii^springs of an 
alloy called " mangor," made by Sandoz; also escapements of *' wol- 
tine" and "wolf or," made by Weidemann. They all have the same 
appearance as steel ; their composition was not given. Some, if not 
all of them, have other favorable qualities from a watclimaker's 
standpoint, besides being non-magnetic. 

X.— GENERAL SUPPLIES. 

CARBONS. 

General, — The exhibits of carbon goods for arc lights, batteries, and 
microphones, and for many other purposes were almost exclusively 
in the French section. Most of these French exhibits were very cred- 
itable, showing great perfection in the manufacture of such goods. 
They showed not only the possibility, but also the practicability of 
molding and shaping the carbon in all possible forms and sizes, and 
giving to it the properties of great elasticity, density, or porosity, as 
required for diflFerent ])uri>oses. Rods were shown, from the size of 
a hair (presumably for incan(l^'sc^'ut lamps) up to 3 inches diameter 
and 3 feet long; plates for microphones as thin as paper; delicate 
spiral springs having very great elasticity; porous cups for batteries; 
jars for batteries; tubes of all sizes, and delicately molded pieces of 
complicated forms for various purposes. All of these were made of 
molded carbon, as distiuguislied from cut retcn't carbon or carbon- 
ized vegetable material. No information could be obtained about 
the processes of manufacture, as these are usually ke[)t secret. 

Contrary to our usual custom, the arc-light carbons used in Franco 
are very rarely copper-plated. This may be due to the fact that 
their resistance is sufficiently low not to need a ccjpper coating; but 
it may also, and more probably, be due to the fact that in their usual 
systems of distribution the arc lamps are connected in multiple arc, 
and therefore require some dead resistance in circuit to keep the 
current steadier. 

Another custom different from ours is that for the upper or posi- 
tive carbon of an arc lamp cored carbons are almost universally 
used. By a cored carbon is meant one whicli has a thin rod or core 
lengthwise through the center, similar to a lead pencil; the carbon of 
this core, being softer than that around it, burns away sooner than 
the rest, thereby keeping the crater of tlit^ arc always in the same 
j>osition and preventing the arc from traveling around to different 
sides of the carbon, which phenomenon in the on li nary carbons is 
one of the causes of flickerinii: and of a blue light on one side of the 
lamp. The cored carbons appear to cost from 5 to 10 per cent more 
than the plain, and in addition to this they burn faster, thus increas- 
ing the cost of the light somewhat. 
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The prices of arc-liglit carbons seem to be exceedingly high abroad 
as compared with those in the United States; they are from five to 
ten times as great. 

Exhibits, — Among the chief exhi))its and exhibitors were the fol- 
lowing: 

Edmond E. Carr^ (French section, silver medal) exhibited amon^ 
other things very complicated forms, molded and cut, chiefly of fine, 
delicate workmanship; also long, fine, slender tubes. 

In the exhibit of Emile L. L^vy (French section, silver medal) 
were among other things the following: Arc-light carbons 7 feet long 
and all diameters; a plate about 3 feet by 18 inches by one-half an 
inch thick; split hollow cylinders of all sizes for batteries; large, 
hard crucibles, also one of complicated form for an aluminium proc- 
ess; very thin disks for microphone diaphragms; small balls like shot, 
for microphones; hair-like threads, probably for incandescent lights; 
a very elastic spiral 1^ inch diameter made of a round carbon rod of 
about one-sixteenth of an inch diameter. 

In the exhibit of Lacombe & Co. (French section, silver medal), 
which was chiefly of arc-light carbons, were some very large ones 3 
feet long and 3 inches diameter; also 5 feet long and 2 inches diam- 
eter; also carbon rods 'with deep spiral grooves longitudinally, the 
object of which is probably to keep the arc in the center. 

Charles R. Goodwin (French section) exhibited porous cups and 
battery jars of porous and dense carbon respectively. Also very 
large blocks and slabs probably for batteries. 

August Ballat (French section, honorable mention) was the only 
exhibitor of *^cut" or "retort" carbons, or ** French" carbons as 
they are sometimes called in the United Stases. These carbons are 
very hard and strong, and are cut from blocks, as distinguished 
from the others, which are molded from a plastic mass and after- 
wards hardened. The cut carbons are generally preferred for bat- 
teries in which strong acids are used, as they last longer and appear 
to be more porous, thereby presenting more surface to the liquids. 
The exhibit was a very fine one, showing pieces cut, turned, and 
carved into numerous shapes and forms, such as rods for lamps, 
plates, crucibles, dishes, etc. Among the larger pieces was one 4 
feet by 1 inch by 3 inches, and a slab 2 feet by 18 inches by three- 
fourths of an inch, both without a flaw. 

Messrs. Mignon & Rouart (French section, silver medal) exhibited 
carbons for arc lights covered with a hard, black enamel, which 
they claim increases the time of burning 25 per cent. This enamel 
is an insulator and must therefore be taken off whenever contact is 
to ]>e made with the carbon. The carbons are made of charcoal, of 
coal tar, pitch, and of lamp black. They are very hard, almost 
inotalli(\ and are claimed to give very little ash. The published 
prices are quite high when compared to the usual American carbons. 
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For instance, the price of a seven-sixteenths inch (11 millimeters) 
plain carbon is 10.5 cents per foot; cored, 11 cents (or 5 per cent 
more); enameled, 11.5 cents (or 10 per cent more); cored and enam- 
eled, 12.1 cents (or 15 per cent more). The usual price or Ameri- 
can carbons, seven-sixteenths of an inch, copper plated, but not 
cored, is 1 to 1.2 cents per foot, or about one- tenth of the above. 

The Compagnie d' Electricit(5 et Hydraulique (Belgian section) also 
exhibited light carbons for which they claim great whiteness of 
light and an arc without a flame. Their published prices, for the 
same size as the above, are 5.9 cents per foot plain and G.5 cents 
cored. 

A price list from an English company gave 3.4 cents per foot for 
this size, plain, showing that the American carbons are, as a rule, 
very much cheaper than those in Europe. 

A. de M^ritens & Co. (French section), who were the pioneers in 
electric light-house lighting, exhibited carbons for very large lights, 
which were made of a number of small rods copper plated and after- 
wards bunched and secured together to form one large rod. They 
claim that such carbons will point themselves better while burning, 
and that the flame will " jumj)" less than with a homogeneous rod 
of the same size. 

The Solar Carbon and Manufacturing Company, of Pittsburg 
(Bronze medal), was the only American exhibitor. Their carbons 
are made from mineral oils. No description could be obtained from 
the makers. 

OTHER SUPPLIES. 
HARD RUBBER. 

The finest exhibits of hard-rubber and gutta-percha goods in the 
electrical section were those of the Soci(»t^ G(5n(^rale des T(?lephones, 
and Casassa Fils et C^^ (silver medal), both in the French section. 

The latter was ])articularly interesting, showing excellent work- 
manship and a wide range of adaptability to dift'erent forms and 
uses. Among them were iron jars and other metallic objects like 
handles, screws, binding posts, etc., covered with a coating of hard 
rubber adhering to it with great tenacity. 

PORCELAIN AND EARTHENWARE. 

Among the chief exlii))its of porcelain goods for electrical pur- 
poses were Hache, Jullieu & Co. aurl L. Thierre, both in French 
section (bronze medal). There is little to be described about the ex- 
hibits, except to mention the very large assortment of diflfen^nt 
forms of insulators and insulating knobs, tubes, buttons, etc.. both 
for outdoor and indoor wiring; many of the latter forms were very 
practically designed for facilitating the wiring. Messrs. Wood- 
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house & Rawson exhibited a very good form of insulator, shown in 
Fig. 62, which contains a small quantity of oil to insulate the out- 
side surface of the insulator from the supporting pin. 

Other novel and ingenious forms of 
insulators were exhibited by other ex- 
hibitors, but they could not be de- 
scribed without illustrations or cuts, 
neither of which could be obtained. 

Fowler, Lancaster & Co, (English 
section) exhibited a material resem- 
bling porcelaiu, but much better a<lap- 
ted for electrical fixtures. It is hard 
and strong, and not as brittle as th-.' 
ordinary porcelain ; it can be mad*.> 
with a fine, regular, and sharp screw 
thread, both inside and outside, which 
fit together well and smoothly. It 
can be glazed or colored. 

Lallier & Co. (French section, hon- 
orable mention) had a creditable ex- 
hibit of stone and earthen ware iu 
numerous shapes for different purposes. 




FlK. fl3.~In«ibtor. bj WoodhoumA 



Among the exhibits of chandeliers, fixtures, globes, shades, etc.. 
were some interesting tulip-shaped shades for incandescent lights, 
which, from the outside, that is, for transmitted light, had an opa- 
lescent appearancewithapinkcolor predominating, while looking at 
the inside surface, that is, for reflected light, they had the ap- 
pearance of a bright gilt reflector. They are said to be new, and 
are known in thiscountryas French shades. Other fixtures, thougti 
interesting and numerous, leave nothing to be described. 



